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1 . INTRODUCTION 


Designs of new air-to-air and other tactical missiles 
are aimed at high maneuverability, low structural weight, and 
conformal or submerged carriage. The speed range includes 
the low and high supersonic Mach numbers. Angles of attack 
can be high enough to cause formation of body and fin shed 
vorticity. The missiles may be equipped with planar and 
cruciform fin layouts, monoplane wing/interdigitated tail fins, 
or low profile finned sections all with various planform 
shapes. Accurate prediction of loading distributions and 
component loadings are required for stability and control and 
for aeroelastic analyses. 

In response to the above needs, program LRCDM2 was 
developed for supersonic missiles with axisymmetric bodies 
and up to two finned sections. The fin planforms may have 
breaks in sweep but must be flat. This program is capable of 
predicting pressure distributions and component loads acting on 
the entire configuration including effects of body and fin 
vor ticity . It is the result of an evolutionary process start- 
ing with the set of programs DEMON 2 (Ref. 1) which was 
automated and specialized to configurations with bodies of 
revolution in program NSWCDM (Ref. 2) . These analytic programs 
make use of supersonic paneling and line-singularity methods 
coupled with vortex-tracking theory. DEMON 2 was developed 
under sponsorship of NASA/Langley Research Center and the Air 
Force Flight Dynamics Laboratory; NSWCDM was sponsored by the 
Naval Surface Weapons Center. 

The work described in this report is concerned with improve- 
ments and extensions to NSWCDM in connection with fin- and 
afterbody-shed vorticity, reducing computation time, and 
extending the Mach number and angle of attack ranges. The 
resulting computer program is called LRCDM2 . This work was 
supported by the Supersonic Aerodynamics Branch of 


NASA/Langley Research Center under Contract NAS1-16770 with 
Mr. Jerry Allen as Technical Representative. 

On the basis of recent user experience with programs 
DEMON 2 and NSWCDM (for example, Refs. 3 and 4) , the following 
specific tasks were performed to improve and extend the usable 
range of program NSWCDM. 

Task 1 .- Add an afterbody vortex-shedding model; the 
afterbody and tail-fin pressure and loading calculations shall 
include afterbody vorticity effects. 

Task 2 .- Add routines for determining fin leading- 
and/or side-edge vorticity characteristics in a form compatible 
with the vortex tracking routines; these vortices are to be 
included in the vortex trajectory calculations along the 
afterbody and tail section. 

Task 3.- Reduce computer time by saving the influence 
coefficient matrix and other characteristics associated with 
the forward- and tail-finned sections; modify the program to 
run multiple angles of attack and roll for one Mach number. 

Task 4.- Extend range of applicability in terms of Mach 
number (up to Mach 6) and angles of attack (up to 25 ) by 
investigating practical means for combining two-dimensional 
nonlinear hypersonic and shock expansion theories with three- 
dimensional linear theory to account for interference. 

As part of the above tasks, predictions were compared 
with available measurements in order to evaluate the improve- 
ments and extensions. In addition, fin layouts were made more 
flexible and may include low-profile quadriform and triform 
layouts. Program modifications for the latter were carried out 
for the U.S. Army Missile Command*. 


♦Work performed for Mr. Dave Washington, DRSMI-RDK , Redstone 
Arsenal, Alabama, under Purchase Order No. DAA H01-82-P-1224 
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The updated program LRCDM2 treats a complete missile 
configuration from nose tip to body base in a series of steps. 
Fins and wings alone can also be analyzed by this program. A 
special program designated BDYSHD models afterbody vortex 
shedding and can be used with LRCDM2 and vortex tracking module 
VPATH2 to account for the effects of afterbody vortices on 
the tail fin pressures and loads. 

In this report, the methods of approach to accomplish 
the tasks are given. Comparisons between predictions and 
experiment are described. Limitations and recommendations are 
given in the concluding remarks. The appendices contain 
user-oriented program documentation including a description of 
program flow, input and output, program limitations and a 
sample case. Additional analytical details are described in 
the remaining appendices. 


2. METHODS OF APPROACH 

This section contains brief descriptions of the nature 
of and the need for an afterbody vortex- shedding model, the 
basic underlying theoretical approach of an existing vortex- 
shedding program NOSEVTX, and the modifications and improve- 
ments required for use with program LRCDM2 resulting in 
companion program BDYSHD. The use of programs LRCDM2 and 
BDYSHD in the automated stepwise treatment of a complete missile 
configuration is described. This is followed by a discussion 
of the updated treatment for fin-edge vorticity and the 
modifications performed to reduce computer running time. A 
description is given of preliminary methods to extend the Mach 
number range of applicability of LRCDM2 . Where necessary, 
additional details are given in appendices. 
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2.1 Afterbody Vortex-Shedding Model 

Configurations with long afterbody sections (length 
between forward and tail fins > 10 diameters) will shed after- 
body vortices for angles of attack in excess of 10°. The 
following sketch depicts two vortex feeding sheets on the 
afterbody of an unrolled missile at included angle of attack 
a . The body coordinate system (x B ,y B ,z B ) with origin at 
the nose tip is indicated but the tail fins are not shown. 

The actual shape and starting locations of the feeding sheets 
are influenced by the flow conditions and external vortices 
(if present) generated by the forebody and the canard fins. 



Only two fin trailing edge vortices are shown but more may 
exist. In the afterbody vortex model, the growing vortex 
sheets will be represented by a multitude of vortices called 
vortex clouds. 

It is mentioned in Reference 3 that the lack of 
afterbody vorticity in program DEMON2 (on which NSWCDM and 
LRCDM2 are based) may affect predicted rolling moment for 
angles of attack in excess of about 12° for a forward control 
canard-tail wind tunnel model. Similar observations are 
listed in Reference 2 in connection with overall normal forces 
in pitch. Afterbody vortices will affect the forces and moments 
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acting on the afterbody. In addition, the vortices will 
induce effects on the tail fins with the attendant modifications 
to the fin loadings. Thus, an afterbody vortex shedding 
module was developed from an existing program called NOSEVTX 
and adapted for optional use with LRCDM2 . 

The supersonic vortex shedding program NOSEVTX was 
developed for application to forebodies. The basic features 
are described in Reference 5 and program details are given in 
Reference 6. The method is essentially based on a modified 
Stratford separation criteria applied to circumferential 
pressure distributions on the body which are calculated with 
potential flow methods including effects of external 
vortices. Strengths of the shed or separated vortices are 
related to the square of the resultant flow velocity 
calculated at points on the body. The shed vortices form a 
vortex cloud. 


2.2 Program BDYSHD 

Program NOSEVTX (Ref. 6) was modified and arrangements 
made to suit the needs of program LRCDM2 and to decrease 
running time in the application to axisymmetric bodies. The 
new afterbody vortex shedding program is called BDYSHD. User- 
oriented program details are given in Appendix B. Program 
BDYSHD has the following new features. 

1. The body source-paneling method is replaced with the 
source and doublet line-singularity method described in 
References 1 and 7 in order to decrease computation time 
appreciably; the allowable body cross-sectional shapes are 
limited to axisymmetric cross sections and the bodies consist 
of a nose followed by a cylinder. 

2. Files are created to exchange calculated forces and 
moments between programs LRCDM2 and BDYSHD at the beginning 
and end of the afterbody section. 
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3. Files are created to exchange external vortex 
strengths and lateral locations between LRCDM2 and BDYSHD at 
the beginning and end of the afterbody section. 

4. Effects of included angle of attack and angle of 
roll are incorporated and afterbody loads are calculated in 
rolled and unrolled body coordinate systems. 

5. The latest modifications and improvements to NOSEVTX, 
performed under Contract NAS1-17027 since its description in 
Reference 6, have been incorporated in BDYSHD. These include 
refinements in the determination of the flow separation loca- 
tions based on the Stratford criteria described in Reference 6 
and an improved vortex core model. In the application to 
treatment of afterbodies (length of body between forward 

and tail-finned sections) , program BDYSHD starts the analysis 
with a set of forebody vortices (if present) and forward fin- 
edge vortices. 

The resulting program BDYSHD can be run as a stand-alone 
program to treat bodies of revolution at supersonic speeds. 
Additionally, it can be employed as a companion to LRCDM2 
to model vortex shedding from axisymmetric afterbodies as an 
option. If the latter is the case, the stepwise calculation 
procedure used in LRCDM2 is interrupted by the job control 
cards at the end of the first three steps that treat the fore- 
body and the canard section. Program BDYSHD is then called 
to handle the afterbody. After completion, program LRCDM2 
is called again to treat the tail section. The procedure is 
described in more detail below. 
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2.3 Use of Programs LRCDM2 and BDYSHD in 
Stepwise Procedure 

The stepwise series or sequence of calculations employs 
the following program or modules. 


Program or Module 

LRCDM2 (contains executive 
routine ) 


VPATH2 (module of LRCDM2) 


Purpose 

Compute pressures and loads 
acting on axisymmetric forebody 
or afterbody (neglecting after- 
body vortices) and one finned 
section; LRCDM2 makes use of line 
singularities and paneling 
methods as summarized in 
References 2 and 4 and described 
with more details in Reference 1; 
latest modifications are given 
elsewhere in this report. 

Calculate vortex paths and vortex 
induced effects for cases with or 
without cruciform fins mounted on 
axisymmetric bodies; method is 
based on slender body theory and 
makes use of path integration 
scheme as described in 
References 1, 2, and 4. 


BDYSHD (separate program) Over length of afterbody (i.e., 

between forward- and tail-fin 
sections) , generate body- shed 
vortices and compute loads acting 
on afterbody; if this program is 
used, the afterbody calculations 
in LRCDM2 are not used; details 
of the vortex shedding method are 
given in References 5 and 6. 
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In the application to a complete configuration consisting 
of a forward set and tail set of fins mounted on an axi sym- 
metric body, program LRCDM2 performs the following six steps 
in conjunction with module VPATH2 and optionally with program 
BDYSHD. Except for step 3a, the executive routine in LRCDM2 
performs the stepwise procedure and arranges for the appropriate 
data exchanges. The optional step 3a, engagement of program 
BDYSHD, is performed with job control language. Also note 
that in the treatment of a tail finner (one finned section at 
body base) , program LRCDM2 is set to perform the first three 
steps only. 

Step 1 .- Analyze forebody and forward-finned section or 
wing; effects of forebody shed vorticity (determined from 
built-in data base) are included up to finned section; 
compute and save control point coordinates and calculate loads 
on forward fins without vortex effects. 

Step 2 .- Using module VPATH2, track vortices through 
forward-finned section, compute and save their effects on the 
fins; in this process the vortex paths may move in a crossflow 
plane or their paths can be made to lie parallel to body 
centerlines (the latter scheme is recommended) . 

Step 3 .- Include effects of forebody vortices in loadings 
acting on forward-finned section and determine fin-edge 
vorticity characteristics; add force and moment coefficients for 
the configuration up to the canard trailing edge. 

Step 3a . - (OPTIONAL) Stop program LRCDM2 and continue 
with program BDYSHD to treat afterbody from forward-finned 
section to leading edge of tail-finned section; data sets 
containing loading and vortex information are exchanged at 
the start and the end of this run between programs LRCDM2 
and BDYSHD. 
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St ep 4 . - Continue with LRCDM2 to compute and save 
control point coordinates and calculate loads on tail fins with- 
out effects of forebody, canard, or afterbody vortices; if 
step 3a is not exercised, coordinates of points on the after- 
body at which pressures will be calculated are also calculated 
and stored . 

Step 5 .- If step 3a is not performed, track forebody and 
forward-fin vortices from forward-finned section along 
afterbody and through the tail section; compute and save 
vortex effects on afterbody and tail fins by another applica- 
tion of VPATH2; if program BDYSHD (step 3a) was used to treat 
the afterbody, VPATH2 tracks all (including afterbody) 
vortices through the tail section; along the tail fins, the 
vortex paths may move in the crossflow plane or their paths 
can be made to lie parallel to the body centerline (the latter 
scheme is recommended) . 

Step 6 .- Include effects of external vortices in the 
loadings acting on tail fins; if step 3a was not used, compute 
afterbody loads including effects of forebody and forward-fin 
vorticity; compute and list forces and moments acting on 
complete configuration • 

In the above steps, program LRCDM2 has been arranged to 
exchange data sets containing control point coordinates and 
vortex path information between fin-geometric and fin-load 
calculation routines and module VPATH2 without user interven- 
tion. When program BDYSHD is engaged, however, indices in the 
input data for LRCDM2 and BDYSHD arrange for data set 
exchanges between the two programs. Actual program running 
details are given in Appendices A and B describing program 
LRCDM2 and program BDYSHD, respectively. 
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The following sketch depicts the stepwise procedure 
superimposed on a typical configuration with and without the 
application of program BDYSHD . The scheme without the use of 
the latter program is indicated on the side of the configura- 
tion. The optional sequence shown at the top includes 



program BDYSHD to treat the afterbody. The body coordinate 
system is also shown. Note that steps 1, 3, 4, and 6 involve 
the body and fin routines of program LRCDM2 and steps 2 and 5 
are performed by the vortex tracking module VPATH2. Step 3a 
involves the afterbody vortex-shedding program BDYSHD . If 
the configuration of interest is a tail finner (one finned 
section at the base) , steps 1 through 3 only are engaged. 

2.4 Fin Leading- and Side-Edge Vorticity 
Characteristics 

Fins can develop leading- and side-edge separation 
vorticity as the angle of attack is increased. If the side 
edges are long, vorticity can be generated along the edge for 
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angles of attack as low as 5°. Along the leading edges, 
vorticity can be generated at supersonic speeds provided the 
edge lies aft of the Mach cone from the root leading edge 
(subsonic leading edge) . In any event, the leading- and side- 
edge vortices may combine and form a pattern of strong 
vorticity located above the trailing edge. In the case of a 
missile, the forward fins may generate leading- and/or 
side-edge vortices which stream aft along the afterbody and 
tail section and influence the pressures on those components. 

For fins with leading- and/or side-edge flow separation, 
program LRCDM2 is capable of determining the augmentation to 
fin normal force from the suction distributions along those 
edges. This approach is based on the Polhamus suction 
analogy discussed in Appendix C of Reference 1. The actual 
method has been updated to account for arbitrary fin dihedral 
(or cant) angle and fin location on the body. The modifica- 
tions are described in Section C.2 of Appendix C in this 
report. In addition, along the leading and/or side edges the 
growing vorticity strength is calculated as a function of 
spanwise distance by means of lifting line theory and the 
distribution of suction. Only a portion of the suction, 
determined by vortex lift factor K for the leading edge 

and factor K c _ for the side edge, is converted to normal 

V f 

force. Estimates for these factors are given in Reference 8. 
These factors are required as input by program LRCDM2 and have 
default values K __ =■ 0.5 and K c _ = 1.0. The leading- and 
side-edge forces are included in the overall force and moment 
calculation for a given configuration. At the trailing edge 
of the fin, the leading and/or side edge vortex is elevated 
above the fin plane as illustrated in the following sketch. 

One fin of the forward-finned section is shown attached to 
a body. The body coordinate system (x B ,y B ,z B ) anc ^ wing coordi- 
nate system ( x W fY w ^z w ) are a ^ so indicated. The dihedral or 
cant angle for a horizontal fin is zero. The fin leading edge 
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lies aft of the Mach cone (it is subsonic) and the side edge 
has nonzero length. The angle of pitch seen by the fin is 
^^■9^ enough to cause formation of strong leading— and side- 
edge vorticity. A vortex feeding sheet forms and at the 
fin trailing edge it is fully developed. At this position, 
the vortex system can be represented by a concentrated discrete 
vortex. The lateral position y v is taken as the center of 
gravity or the moment center of the suction distributions along 
the leading and side edges. This distance, as measured from 
the fin root chord, is given by Equation (C-9) in Appendix C 
of this report. its position above the fin plane can be 
represented by considering the concentrated vortex to emanate 
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from the forward corner of the side edge along a straight line 
directed by one-half of the angle of pitch seen by the fin. 

In this process, the upward motion of the vortex is in a 
plane normal to the fin. This is an approximation often made 
for a fin attached to a body in accordance with a concept 
originated by Bollay (Ref. 9) . For a vertical fin, one half 
of the angle of sideslip is applied to determine the displace- 
ment of the leading- and/or side-edge vortex from the fin plane. 
For rolled fins, the upwash due to angle of pitch a , angle of 
sideslip g , and fin deflection angle 6 is determined first 
and recast into a local fin angle of attack a^. One half of 
this angle is then used in the vortex displacement calculation. 
Thus, for a fin with nonzero side edge the elevation of 
the vortex is given by 


Z £,T C s.e. 


LE+SE 


. I 
tan -y- 


= sin 


. 1 (sin6 + sina cos<f>£ - sing sincf> f 


( 1 ) 


where c is the tip or* side-edge chord a.nd {f>^- is the dihedrs.1 

or cant angle of the fin as shown in Section C.2 of Appendix C. 

For a fin with zero side-edge length (one half of a delta 
wing), the lateral location of the leading-edge vortex is 
assumed to correspond to the center of gravity or moment 
center of the suction along that edge. As a first approxima- 
tion, the displacement (elevation) of the vortex is based 
on the root chord c r of the fin 


’ p r ~ c tan 

LE 


a l 

2 


(2) 


Angles a and g are related to the included angle of attack 
a c and angle of roll t}> in accordance with the pitch-roll 
tranformation 
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( 3 ) 


sina = sina c cosiji 
sing = sina c sin<}> 

described on page 5 of Reference 10. Angles a c , a, 6, and <p 
are indicated in the previous sketch. Program LRCDM2 has 
been arranged to read in multiple sets of a c and <p as 
described in the next section. 

In addition to the leading— edge and/or side— edge vortex, 
the sketch also shows one trailing-edge vortex. This vortex 
is associated with the attached-flow span loading (also 
described in Appendix C) as opposed to the separated -flow 
edge load augmentation. Presently, program LRCDM2 computes 
the leading- and/or side-edge vortex and retains the one or more 
trailing edge vortices calculated from the fin span-load dis- 
tribution for attached flow. It would be better to compute a 
total span-load distribution including the leading-edge force 
augmentation and the side-edge force augmentation spread out 
over some distance inward from the tip. Such a span load 
distribution may look as follows on a fin. Coordinate y 
is the lateral distance from the root chord and b/2 is the 
semi span . 


CC 


^Attached flow 
+ LE effects 



TE+LE TE 
No side edge 


Attached flow Attached flow 
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Based on the total span load distribution, cc n , several 
concentrated discrete vortices can be computed. The number 
will depend on the extrema in the span load distribution in 
accordance with the method described in Appendix C. This 
procedure is presently not sufficiently developed for inclusion 
in LRCDM2. 


In any event, the strengths and positions of the 
fin leading- and/or side-edge vortex and the one or more 
trailing-edge vortices are now known. They will be included 
either in the vortex tracking step 5 (VPATH2) or they will 
be included in step 3a (BDYSKD) if afterbody vortex shedding 
is to be considered as an option. For a configuration with 
a tail-finned section, all of the vortices (body nose vortices 
if present, forward-fin edge vortices and afterbody vortices 
if generated) are included in the tail-fin loading calcula- 
tions in step 6 . 


2.5 Reduction in Computation Time for 
Program LRCDM2 

When program LRCDM2 is applied to a complete configuration 
consisting of a forward-finned section (canard or wing) and 
tail-finned section mounted on an axi symmetric body, an 
aerodynamic influence coefficient matrix is calculated for the 
forward fins and interference shell, and in general a different 
matrix is generated for the tail fins and interference shell. 
The aerodynamic influence coefficient matrix [AIC] contains 
coefficients FVN. In the sketch below, the forward- and tail- 
finned sections are covered with a sparse layout of constant 
u— velocity panels . Only one fin and one— quarter of the 
interference shell are shown covered with panels. As described 
in Reference 1, the aerodynamic influence coefficient FVN 
represents the normal velocity per unit strength induced by 
one panel at the control point of its own or another panel. 
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The matrix build-up for the forward fins and interference 
shell is performed in step 1 of the stepwise procedure 
described in Section 2.3. For the tail section, the opera- 
tion is performed in step 4. 

The aerodynamic influence coefficients are functions only 
of the configuration geometry and f ree-stream Mach number . 

In order to facilitate use of program LRCDM2 and to reduce 
computation time the following features have been incorporated. 
In the process of performing calculations for multiple included 
angles of attack a c and/or angles of roll <j> at one Mach number, 
the aerodynamic influence coefficients are saved during the 
calculation for the first combination of a Q and 4> . Speci- 
fically, in step 1 the triangulated [AIC] for the forward fins 
and interfernece shell is saved on temporary storage device 
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TAPE 9 . In step 4, the triangulated [AIC] for the tail fins 
and interference shell is saved on temporary storage device 
TAPE 10 . The triangulating procedure is performed by subroutine 
PAS001 of LRCDM2. The respective triangulated [AIC]'s for the 
forward- and tail-finned sections are then read in during the 
calculation for the next set of cx^ and <£ and so forth until 
all combinations have been run. The included angles of attack 
a c and/or the angles of roll <j> for which computations are to 
be made are read in all at once at the beginning of a multiple 
run. 


2.6 Shock-Expansion/Linear Theory and Newtonian/ 

Linear Theory Combinations for 
Pressure Distributions 

In an effort to investigate practical methods for extend- 
ing the applicable range of Mach number of program NSWCDM 
(Ref. 2) , two schemes were developed and implemented as 
pressure calculation options in LRCDM2 for preliminary 
testing. At present, the two methods are limited to cases 
with attached shocks . The methods have been tested only on 
a rectangular wing, a delta wing, and an ogive cylinder 
body. The two methods will now be summarized. Further 
details are given later in this section. 

The first scheme, first suggested by Carlson in 
Reference 11 for wings, involves shock-expansion (tangent 
wedge) theory for calculating pressure coefficients along 
chordwise or longitudinal strips on the surfaces of a fin or 
body, respectively. The nonlinear shock-expansion theory 
is valid for all supersonic Mach numbers provided the shock 
is attached. The flow deflection angles, 6, required by this 
two-dimensional nonlinear theory and shown for a fin in the 
sketch below, are determined from the geometry of the surface 
(streamwise slope 9) and then modified by correction angles 
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Direction of 
stream at 



e 


upper 


determined from two- and three-dimensional linear theory. 

With two-dimensional linear theory, the pressure is propor- 
tional to the flow deflection angle. In program LRCDM2 , the 
three-dimensional linear theory is made up of the supersonic 
paneling method on the fins and the interference shell on the 
body, and the supersonic line singularity method used to model 
the body. The correction angles can be viewed as a correction 
to account for mutual interference effects between the 
individual strips on a given fin, between the fin and 
other fins and between the fin and the body. In addition, 
the correction angles may include effects induced by external 
vortices. The modified flow deflection angles then include a 
geometric component and an interference component based on local 
interference flow velocities. The updated angles are then 
used to compute corrected pressure coefficients by means of 
the shock-expansion formulation. This method is limited to 
cases when the shock is attached to the wing leading edge or 
body nose. 
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In the second scheme, the pressure coefficients are 
calculated with the simplest form of Newtonian or impact 
theory. This nonlinear theory is valid only for high super- 
sonic Mach numbers (M ro > 5). The flow angles, 6, required 
by this theory are modified in the same manner as used with 
shock-expansion (tangent wedge) theory. Corrected pressures 
are then calculated with the updated angles used in the impact 
pressure formulations. 

The essential differences between the nonlinear and 
linear theories and the optional combined theory pressure 
calculation procedures implemented in program LRCDM2 will now 
be described in more detail. 

2.6.1 Two dimensional nonlinear and linear pressure 
coefficients . - The differences in pressure coefficients 
predicted by two-dimensional shock-expansion and linear 
theories can be illustrated as follows for a planar surface 
inclined to the free stream. 


Expansion 


Compression 
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In the above sketch, the pressure coefficient calculated 
for the compression case (6 > 0) with two-dimensional oblique 
shock relationships (Appendix D) increases nonlinearly with 
deflection angle 6 up to shock detachment. The pressures 
are appreciably higher than those obtained with two-dimensional 
linear theory which relates the pressures directly to the 
deflection angle. For negative deflection angles, the pres- 
sures calculated with two-dimensional expansion relationships 
(Appendix D) are also higher than the two-dimensional linear 
theory pressures. For large expansion angles, the expansion 
(Prandtl-Meyer) formulation will automatically limit the 
pressure coefficient to 


P - P c 


min 


Y M 


(4) 


which corresponds to zero static pressure (p - 0) . 

The simplest linear theory (two-dimensional) relates the 
pressure coefficient directly to the flow deflection angle as 
indicated in the sketch. For Mach numbers larger than 1, 
there are no bounds on the pressure coefficient calculated 
this way. However, the three-dimensional linear theory imbedded 
in program LRCDM2 provides three components of perturbation 
or interference velocities u, v, and w aligned with the body 
coordinate system (x B ,y B ,z B ). The velocities can be used in 
a linear pressure-velocity relationship 


lin 


2u 

V 


(5) 


or 


the isentropic Bernoulli pressure-velocity formulation 
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where y = 1.4 for air. The resultant velocity ratio is 
given by 


R , , 2u 2v 

2 = 1 + V~ cosa c " v - Slna r< sin< (> 

oo 


2w u 2 + v 2 + w 2 

+ sma c cosij) + ^ — 


where a c is the included angle of attack and $ is 
the angle of roll as defined earlier in Equation (3) of 
Section 2.4. The perturbation or interference velocity 
components due to three-dimensional linear theory can be 
unduly large in magnitude and cause the term in the square 
brackets in Equation (6) to become negative. In program 
LRCDM2 , the pressure coefficient is set equal to C p I , 


min 


Equation (4), when the following condition holds. 


1 + 



1 



j 


Therefore, Bernoulli pressure coefficients obtained with the 
three-dimensional linear theory built into LRCDM2 have 
some nonlinear character by virtue of its formulation. 
Equation (6) , and they are artificially limited with regard 
to the minimum pressure. Later we will consider only the 
Bernoulli pressures in connection with linear theory. 

Finally, the simplest form of the Newtonian or impact 
theory pressure coefficient is given by (y = ratio of 
specific heats) 


1 Newtonian 


= 2 sin 6 , M >> 1 

r OO 

= 1 


Y 



Portions of the fins and/or body that do not "see" the on- 
coming stream experience zero pressure coefficient (Ref. 12) 
or more correctly zero pressure (Ref. 13) . In the treatment 
presently implemented in program LRCDM2 , the pressure coef- 
ficient is set equal to zero for negative flow deflection 
angles 6 (expansions). For such cases, in the limit for high 
Mach numbers (M^ > 5) , both the pressure coefficient as well 
as the static pressure approach the value zero. 



A comparison between the Newtonian and two-dimensional 
linear pressure coefficient is schematically shown above for 
a planar surface inclined to the free stream. 

2.6.2 Procedure for calculating corrected nonlinear 
pressure coefficients on the fins and body .- The optional 
computation of pressures acting on the fins in accordance with 
combined nonlinear/linear theory is accomplished by means of 
a modified version of strip theory. This option is selected 
by setting index N2DPRF=2 in Namelist $INPUT of program LRCDM2 . 
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The actual procedure, implemented in subroutine SPECPR for the 
fins, consists of the following stages. The procedure 
followed on the body is very similar and is described later. 

In essense, the procedure consists of the following stages. 

1. Apply nonlinear two-dimensional strip theory on fins 
and body, compute local Mach numbers, pressure ratios, etc. 

2. Perform three-dimensional linear analysis of the fins 
and body; that is, solve for panel and line singularity 
strengths used to model the fins and body. 

3 . Update local Mach numbers calculated in the first 
stage using results from the second stage. 

4. Recompute the two-dimensional pressure coefficients 
using the updated local Mach numbers . 

The details of this procedure will now be described. 

Nonlinear two-dimensional strip theory is performed on the 
top and bottom of the fin airfoil using shock-expansion 
and Newtonian theory. The former is described in Appendix D 
and the latter simply uses Equation (9) . The spanwise 
locations of the strips coincide with the chordwise rows of 
control points of the constant u-velocity panels distributed 
over the fin. At the leading edge of each strip, a local angle 
of attack, a Fr ^r is calculated in a manner similar to 
Equation (1) including effects of free stream, body line- 
singularities and external vortex effects if present. The 
actual fin profile is approximated by straight line segments 
at each spanwise strip as shown in Figure D.l of Appendix D. 

An asymmetric airfoil is broken up into equal longitudinal 
segments as shown below. 
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Angles 6, , 6, and 6 0 , 6 0 p etc. are used directly with 

the Newtonian formulation. Two control points are shown for 
the case of two chordwise constant u-velocity panels. For 
shock expansion, the analysis starts with angles 6^ u and 
6, Q for conditions on segment 1. For the case shown, there 
is an oblique shock attached to the leading edge on the bottom 
and an expansion wave on the top. Beyond this station 
Prandtl-Meyer expansion theory is employed using the actual 
profile angles 0^, 02 etc. input by the user. If index 
N2DPRF is set equal to 1, the two kinds of nonlinear pressure 
coefficients are computed in this way and no further correc- 
tions are made. In any event, the value of the Prandtl-Meyer 
flow angle v associated with the two-dimensional expansion flow 
and the value of the flow deflection angle 6 for Newtonian 
theory are saved at the control point locations for the top 
and bottom surface of the fin. In addition, the ratio of 
total pressure behind the oblique shock to the free stream 
total pressure is also saved for each strip for use later in 
the computation of the corrected shock-expansion pressure 
coefficients . 
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The two-dimensional interference-free pressure 
coefficients based on the shock-expansion relationships and 
the Newtonian theory valid at high Mach numbers will be cor- 
rected for three-dimensional interference effects on the top 
and bottom surfaces of the fin at the panel control points. 

The essential idea of defining a new effective deflection 
angle was originated by Carlson in Reference 11 for the shock- 
expansion method. Here, the effective deflection angle concept 
is also applied to the Newtonian pressure method. First, an 
equivalent flow turning angle is calculated as follows. It 
is based on the notion of approximating the difference between 
the interference-free two-dimensional nonlinear theory (shock 
expansion or Newtonian) and three-dimensional nonlinear theory 
including interference effects by the difference between inter- 
ference-free two-dimensional linear theory and three-dimensional 
linear theory including interference effects. 

In equation form, this statement can be expressed as 

[2-D nonlinear theory] + [ (3-D linear theory) 

- (2-D linear theory)] = [3-D nonlinear theory] (10) 

The local longitudinal or axial perturbation velocity 
in accordance with two-dimensional, linear theory is given by 



where 6 is the angle (in radians) between the oncoming stream 
and the top or bottom surface of the fin (or body) at the con- 
trol point of a constant u-velocity panel. This relationship 
is based on the pressure coefficient for two-dimensional flow 
(shown in the first sketch of Section 2.6.1) and the 
two-dimensional relationship given by Equation (5) . The 
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corresponding local Mach numbers for interference-free, two- 
dimensional flow as formulated by Carlson in Reference 11 
is expressed as 


M 2D = M ~ 


u 


1 + 


2D 


V 


(12) 


and the Prandtl-Meyer angle v 2D associated with this Mach 
number is calculated with Equation (D.7) of Appendix D. 

In subroutine SPECPR, this equation is programmed as function 
FNU. The local Mach number for three-dimensional flow on the 
top and bottom of the fin at the panel control points includes 
inteference effects and is given in Reference 11 as follows. 


M 


3D 


M 

[l + u i D ' £ l 

oo 

V 

oo 

Si L- 


(13) 


cos e 


The angle e is the lateral flow angle measured in a plane 
tangent to the local surface at the panel control point as 
shown in the sketch below. It is the angle between the local 
streamline or flow direction and the streamwise direction on 
the fin. 
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The local axial perturbation velocity component u_ p is 
obtained from three-dimensional linear theory and includes 
contributions from all constant u-velocity panels on the fin(s) 
and interference shell , source panels for fin thickness, and 
the line singularities modeling the body. Component u 3d 
is parallel to the mean plane and is calculated as UTOTA and 
UTOTB in routine SPECPR for the upper and lower fin surfaces, 
respectively. Therefore, by using Equation (13), the Mach 
number M^ is made to correspond to the three-dimensional 
flow determined from linear theory calculated at the panel 
control points for the upper (and lower) surfaces of the fin. 
The tangent plane shown in the sketch corresponds to one of 
the strip segments inclined at angle 6 with respect to the 
free stream. Lateral deflection angle e can be determined 
from 


e 


tan 


-1 


V F,£ + v 3D,l 
V* + U 3D,£ 


(14) 


Quantity Vp ^ is the lateral velocity component parallel to the 
fin mean plane calculated as VFINL in routine SPECPR and 
represents effects of free stream including fin deflection 
angle. The perturbation lateral velocity component v 3d ^ 
in the fin local coordinate system (also parallel to fin mean 
plane) includes contributions from all constant u-velocity 
panels, planar source panels for fin thickness, body 
singularities and external vortices if present. Component 
Up ^ (UFINL) is the axial component due to free stream 
parallel to the fin mean plane. The axial or longitudinal 
component u 3D ^ is discussed above in connection with 
Equation (13) . The Prandtl-Meyer angle v 3d is related to Mach 
number M^ by means of Equation (D.7) shown in Appendix D. 

The equivalent turning angle (or flow correction angle) is 
now defined as 
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Av 


(15) 


V 2D “ V 3D 

where \> 2 D and v 3d are related to the Mach numbers M 2 D and 
M 3d , Equations (12) and (13) , respectively. The values of 
Prandtl-Meyer angles v calculated and saved at the panel 
control points during the first stage are then corrected 
as follows. 


v 


corr 


= v - Av 


(16) 


The flow deflection angles 6 calculated and saved during 
the first stage for the Newtonian theory are also corrected 
to give an effective deflection angle 


6 


corr 


6 + Av 


(17) 


The shock-expansion pressure coefficient is now recomputed 
in accordance with the method described in Appendix D using the 
updated local Mach number. Equations (D.10) and (D.23). It is 
based on v corr given by Equation (16) . The saved total 
pressure ratios are included in this process. Likewise, the 
Newtonian pressure coefficients are recalculated in accordance 
with Equation (9) using ^ corr from Equation (17) . Because 
the flow is usually accelerated, both of the corrections should 
generally tend to lower the nonlinear pressure coefficients 
calculated in the first stage. 

In the application of three-dimensional linear theory 
(i.e., constant u-velocity and source panel methods) to delta 
wings, the perturbation velocities can become large in magni- 
tude near the wing tip. In order to keep the lateral 
perturbation velocity component v^ D ^ within reasonable bounds, 
the sidewash is arbitrarily limited to 
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with the order of magnitude of the two-dimensional axial 
component given by Equation (11) . This process is also per- 
formed in subroutine SPECPR of program LRCDM2 . If subroutine 
SHKEXP (Appendix D) detects a strip with a detached shock at 
the leading edge, the linear and Bernoulli pressure coefficients 
calculated from linear theory at the panel control points in the 
strip are used instead in the subsequent fin loading calcula- 
tion . 

On the body, the optional computation of pressure 
coefficients with combined nonlinear/linear theory is selected 
by setting index N2DPRB=2 in Namelist $INPUT of program 
LRCDM2 . In essence, the same procedure employed on the fins 
is repeated along longitudinal strips on the surface of the 
body from the nose tip to the base. A layout of longitudinal 
strips is indicated schematically below. Each segment or 



Attached shock 
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panel in a strip makes angle 0^ (shown out of plane) with 
the body centerline. These angles are input by the user. 
Subroutine BDYPR of program LRCDM2 defines a local angle 
of attack, a^, for each segment by computing the velocity 
component normal to the plane of the segment. This normal 
component, w^, includes a contribution of free stream and 
effects of external vorticity if present. Flow deflection 
angles 6 are then defined as the angle between the local flow 
velocity vector and the plane of the segment. For each 
longitudinal strip, the pressure coefficients are determined 
in accordance with shock expansion (tangent wedge) and 
Newtonian theory during the first stage as described above for 
the fins. If N2DPRB is set equal to 1, the nonlinear pressure 
coefficients are not corrected as described above. For 
N2DPRB=2, the perturbation velocity components involved in the 
determination of the equivalent turning angle Av include con- 
tributions from the body line singularities, external 
vortices, and for the portions of the body next to the fins, 
effects of constant u-velocity panels on the fins and inter- 
ference shell are also included. Equation (18) is used for 
the body as well to limit the local lateral velocity component 


3 . COMPARISONS 

In order to make an assessment of the accuracy of the 
updates and extensions to program NSWCDM (Ref. 2) , some 
comparisons between results predicted with the new program 
LRCDM2 and experimental data are given in this section. First 
results obtained for a triform configuration are discussed. 

A calculation example showing the effects of vortex shedding 
on afterbody load is discussed. Overall forces and moments 
acting on a forward control canard-tail wind tunnel model 
are calculated with and without afterbody vortex shedding 
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and compared with measurements for a case with roll control. 
The nonlinear/linear combined theories are tested against 
measured pressure distributions on a rectangular and delta 
wing and on an ogive cylinder forebody. 

3.1 Forces and Moments Acting on Triform 
Fin Configuration 

Program LRCDM2 has been arranged to handle a variety of 
fin layouts including a new option for triform fins. Figure 1 
shows an example comprising one set of triform tail fins 
attached to an ogive-cylinder body. Forces and moments 
measured on this configuration were taken from Reference 14 
and are shown in Figure 2 by the open symbols. Results pre- 
dicted by LRCDM2 using the linear theory Bernoulli pressure 
coefficient option are indicated by the solid symbols. Data 
are shown for two roll angles, <j> = 0° and 90°. Note that for 
4> = 0° , the configuration is actually rolled 180° relative to 
the orientation shown in Figure 1. The orientations of the 
free-stream velocity component in the crossflow plane are 
shown at the top of the figure for the two roll angles. Posi- 
tive directions of the normal force coefficient, C and side 
force coefficient, C Y , are also indicated. 

At zero roll and for the range of angles of attack shown, 
the measured normal force and pitching moment (positive nose 
up) are almost linear although the former shows a nonlinear 
increment most likely due to forebody vortices for a c greater 
than 8°. Agreement between experiment and prediction is 
quite good. It should be noted here that program LRCDM2 is 
equipped with a data base containing symmetric forebody 
separation characteristics described in Reference 1. Effects 
of these vortices are included in the fin loads. On the fore- 
body, only the lateral velocity components induced by the 
vortices are included in the pressure calculations resulting 
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in underpredicted forebody loads when vortices are present 
(also refer to Appendix C, Section C.4) . This deficiency in 
the present version of LRCDM2 shows up for a c in excess of 
about 8 0 . 

When the triform configuration is in pure sideslip 
(<f) = 90°), it is seen that the measured normal force, C z , 
and pitching moment, C^, a *" e nonzero and are predicted well 
by LRCDM2 . For this condition, the side force, Cy , and yawing 
moment, C n (positive nose to right) , are dominant and also 
show the effects of the aforementioned forebody vortices. 
Rolling moment is negligible. These lateral characteristics 
are also predicted well by the present version of LRCDM2 . 

The calculations were performed with a sparse layout of three 
chordwise and five spanwise constant u-velocity panels on 
the fins. A layout of three lengthwise with 12 circumferential 
panels was used on the interference shell covering the body 
along the length of the fin root chord. 

3.2 Forces and Moments Acting on TF-4 Wind 
Tunnel Model 

The geometrical details of the NASA/LRC canard-controlled 
model designated TF-4 are shown in Figure 3. Here, only the 
king-size tail fin will be considered because of its pronounced 
effects on the overall longitudinal and lateral aerodynamic 
characteristics. Comparisons between extensive experimental 
data supplied by J. M. Allen and A. B. Blair, Jr. of the 
Supersonic Branch at the NASA/Langley Research Center and the 
earlier program NSWCDM are shown in Reference 4 . The results 
discussed below are aimed at showing the effects of afterbody 
vortex shedding on the afterbody loads with zero control, and 
on the overall lateral characteristics for the case with roll 
control. 
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Figure 3.- NASA/LRC wind tunnel model TF-4 with different tail fins. 




3.2.1 Normal force on afterbody .- In order to 
illustrate program operation and to assess the magnitude of 
the loading acting on the 13-caliber afterbody, program 
LRCDM2 was applied to the unrolled TF-4 configuration with 
and without afterbody vortex shedding. For this calculation, 
the included angle of attack a c is 20° and the Mach number 
M^ equals 1.6. 

At this angle of attack, the data bases built into 
subroutine BDYVTX of program LRCDM2 generate two pymmetric 
forebody vortices. In addition, for this case, the wake 
of the horizontal canard fins consist of four (two for each 
fin) discrete vortices as calculated by subroutine SPNLD at 
the end of step 3 of the stepwise procedure described in 
Section 2.3. Thus, at the axial location of the trailing edges 
of the canard, program LRCDM2 has generated six vortices. 
Typically, the set of discrete vortices are positioned in the 
crossflow plane as shown below. For this case with zero 
roll angle and zero fin deflection angles, the vertical fins 
are unloaded. The trailing-edge vortices are determined from 
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the attached flow span loading and the side-edge vortices 
(Section 2.4) are related to the Polhamus vortex-lift 
analogy as described in Appendix C. 

The set of vortices can be tracked down the afterbody 
without shedding of afterbody vortices in accordance with 
step 5. The determination of the vortex paths and the calcula- 
tion of the velocities induced by the vortices as they stream 
aft and above the afterbody is performed by module VPATH2 of 
LRCDM2 . The calculation of pressures at points on the after- 
body surface as well as the pressure integration for forces 
and moments is implemented in subroutine BDYPR of program 
LRCDM2 . On the other hand, companion program BDYSHD 
(Section 2.2 and Appendix B) can be employed to compute the 
loads acting on the afterbody including effects of afterbody 
vortex shedding. This operation is schematically indicated 
as step 3a in the sketch of Section 2.3. In this process, 
program BDYSHD reads in the strengths and lateral locations 
of the set of vortices at the canard trailing edge. The rate 
of vortex shedding, the pressure distributions and the vortex 
paths determined by BDYSHD are thus influenced by the vortices 
generated by the forebody and canard fins. At the end of the 
afterbody, the six canard-section vortices and the additional 
vortices shed by the afterbody are positioned as shown below. 
Note that in this symmetric picture, the body- nose vortices 
are "captured" by the many afterbody vortices in the two vortex 
clouds. However, the canard fin vortices have traveled a 
fair distance above the afterbody. 
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The distributions of normal force acting on the TF-4 
afterbody calculated with and without vortex shedding are shown 
in Figure 4. The upper curve represents the normal force 
distribution calculated by BDYSHD using the laminar option for 
afterbody vortex shedding under the influence of canard-section 
vorticity. If the turbulent option is used, the calculated 
normal force will be lower in magnitude. Most of the added 
normal force is generated towards the aft portion of the 
afterbody. Simple constant crossflow-drag coefficient 
calculations do not include effects of upstream vortices and 
would result in a constant distribution of normal force of 
higher magnitude . The lower curve is generated by LRCDM2 and 
reflects the download effects of the forebody and canard 
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Figure 4.- Normal force build-up on axisymmetric afterbody of TF- 
the presence of canard vortices, zero control deflection, <p = 0 





fin vortices. The net effect of accounting for afterbody 
vortex shedding by the optional inclusion of step 3a (BDYSHD) 
is to add about 1.7 to the normal force acting on the entire 
configuration. This amount is about 10% of the total normal 
force acting on the TF-4 with small tails. 

3.2.2 Roll control .- Data were also obtained on the 
TF-4 for roll control . The right horizontal canard fin of the 
TF— 4 configuration shown in Figure 3 is deflected 5 trailing 
edge down and the left horizontal canard fin is deflected 
-5° trailing edge up. Comparisons between experimental data 
taken at the Supersonic Branch of NASA/LRC and results cal- 
culated by program LRCDM2 are shown in Figure 5. The Mach 
number is 2.5 and the configuration is unrolled, <t> = °° . 

Normal-force coefficient, C N , and pitching-moment 
coefficient, C , are given in Figure 5(a) as a function of 
included angle of attack, a c - The measured normal force 
(open symbols) shows some nonlinear behavior throughout the 
range of a . Measured pitching moment (open symbols) is 
somewhat nonlinear for a c up to about 6° . For low angles of 
attack, the oppositely deflected horizontal canard fins pro- 
duce vortices of the same sense (or direction) which travel 
aft along the afterbody and produce an asymmetric flow field 
at the tail section. At the higher angles of attack, after- 
body vortex shedding can occur and add to the vortex field as 
described later. 

Program LRCDM2 was applied with (for a c = 10°, and 15°) 
and without (for a Q = 0° , 5°, 10°, and 15°) the optional 
afterbody vortex shedding companion program BDYSHD. The 
difference between the two predictions (solid symbols) are 
neglible and both results match the experimental data well. 
Note that in this case the increment in normal force 
coefficient acting on the afterbody due to vortex shedding is 
considerably smaller than that for the undeflected canard fin 
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(b) Yawing moment, rolling moment and side 
force coefficients 

Figure 5.- Concluded. 
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case described in the previous section. This is due in part 
to the asymmetric vortex field generated by the canard section 
for roll control. In addition, the forces and moments for 
this case are mostly due to the lifting surfaces (including 
the king-size tails) . 

The lateral aerodynamic characteristics are shown in 
Figure 5(b) with and without roll control. Measured yawing 
moment, C n# rolling moment, C^, and side force, C y , indicate 
strong nonlinearities. The experimentally measured tail-off 
rolling moment is also indicated. It is seen that the 
effect of adding the king-size tail fins is to cancel the roll 
control of the canard fins up to about a c equal to 6°. For 
higher angles of attack, the measured rolling moment exhibits 
nonlinear behavior and actually exceeds the rolling moment 
generated by the canards alone for a< , greater than 11°. In 
addition, some yawing moment is generated with roll control 
which changes sign as the angle of attack is increased. Little 
side force is measured. For low angles of attack, the vortices 
generated by the oppositely deflected canard fins induce 
unbalanced (asymmetric) loads on each of the king-size tail 
fins resulting in an adverse rolling moment. For angles of 
attack above 10°, the induced tail-fin rolling moment changes 
direction and actually adds to the canard rolling moment. 

The negative tail-off rolling moment is predicted well 
by the tail-off results (indicated by the crosses) calculated 
by LRCDM2 . At the lower angles of attack (a =0°, 5°) , the 
overall rolling moment calculated without afterbody vortex 
shedding is near zero and as such the interactions between the 
canard fins and the king-size tail fins are handled well by 
LRCDM2 . However, the predictions without afterbody vortex 
shedding fail to predict the nonlinear behavior above 6° angle 
of attack. Afterbody vortex shedding becomes important at 
angles of attack in excess of 10° for the length of afterbody 
(13 calibers) under consideration. The predicted vortex field 


43 



at the end of the afterbody (i.e., at the leading edge of the 
tail section) for a c = 15° including effects of afterbody 
vortex shedding is indicated below. 


Left horizontal 
canard fin 
vortices 


Right horizontal 
canard fin 
vortices 


v. 


j 


V. 


J 



The afterbody vortex clouds are represented in the sketch 
by their centroids in the upper left quarter near the upper 
tail fin. The lower vertical canard fin trailing-edge vortex 
( Tte/Voo = - 0.16) has come up around the body and is trapped 
by the afterbody vortices. The actual crossflow vortex picture 
can be found in the sample case output of companion program 
BDYSHD in Appendix A and the vortex strengths and locations are 
also specified at the beginning of the output for step 5. 

The important point is that the sums of the strengths of the 
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afterbody vortices (centroid strengths) are of same order 
of magnitude as the trailing-edge vortices of the deflected 

horizontal canard fins. The afterbody vortices tend to induce 
3- side force (to the left) on the upper tail fin and to unload 

the left horizontal tail fin more than the right horizontal 
tail fin. 

The calculated rolling moment, including the afterbody 
vortex shedding option (flagged solid symbols) using laminar 
separation, definitely follows the nonlinear trend. However, 
the predicted departure from the near zero level lags the 
experimental data by about 4° in angle of attack. Furthermore , 
the predicted side force also appears to benefit from the 
afterbody vortex shedding option. The predicted yawing moment 
is a little erratic with the afterbody vortex shedding option. 
Note that the maximum measured yawing-moment coefficient magni- 
tude is only about 5% or less of the maximum measured pitching 
moment coefficient.- The side-force coefficient magnitude is also 
about 5% of the measured normal-force coefficient. Furthermore, 
for zero canard fin deflection (6^^.^ = ®°) / the measured 
yawing- and rolling-moment coefficients and the side-force 
coefficients indicated by the open circles should be zero for 
all angles of attack. This is an indication of some experi- 
mental error especially for c* c greater than 10°. A small 
error in measured and predicted side force either on the tail 
fins or afterbody can cause an appreciable contribution to the 
yawing moment. 

Presently, the normal force acting on a deflected fin is 
not resolved into the z g and x fi directions to give contribu- 
tions to the C z and C x force coefficient components. The axial 
(C x ) component would also generate a contribution to the yawing 
moment. Since the normal forces on the right and left horizon- 
tal fins are not equal in this case involving roll control, an 
additional net yawing moment would result from the canard 
section as the included angle of attack is increased from 
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zero degrees. This contribution to the overall yawing is not 
accounted for in the present version of LRCDM2 . In any event, 
the change in sign of the yawing moment as a c is increased is 
presently not predicted. Note again that the magnitude of 
the yawing moment is but a few percent of the pitching 
moment shown in Figure 5(a). 

All of the above predictions were obtained with a rela- 
tively sparse paneling layout (four chordwise by six spanwise 
on canard and tail fins) . The actual calculation for 

a = 15° is given as the sample case in Appendix A and the 
c 

results based on linear theory and the Bernoulli pressure 
method are used in all of the predictions shown here. On a 
CDC 7600, time required by LRCDM2 to perform this calculation 
including the optional engagement of companion program BDYSHD 
is 65 CPU sec. 

3.3 Pressure Distributions Acting on 
m = 2 Rectangular Wing 

In support of an effort aimed at developing numerical 
methodologies for analysis of wing/body configurations at 
supersonic speeds (Ref. 15) , the Bernoulli and one of the 
nonlinear/linear pressure calculation methods implemented in 
program LRCDM2 were applied to the rectangular wing shown in 
Figure 6. This aspect ratio 2 wing was mounted on a dogleg 
sting and one side of the bevelled wing was instrumented with 
pressure orifices. The attitude of the assembly could be 
rotated 180° to enable measurement of pressures on the wind- 
ward and leeward surfaces of the wing. The tests were performed 
by Stallings and Lamb at NASA/LRC and the results for this and 
other wings are contained in Reference 16 . 

Pressure distributions acting on the upper and lower 
surfaces of the wing are shown in Figure 7. Angle of attack 
is 10.3° and the Mach number equals 2.86. In Figure 7(a), the 
variation of pressure coefficients with spanwise distance is 
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(a) Spanwise pressure distributions on upper 
and lower surfaces, x/c = 0.5 


Figure 7.- Pressure distributions acting on 2R 






indicated at the midchord position on the wing. The effects 
of the bevel near the side edge can be most clearly seen in the 
measured windward pressures (open symbols) . The bevelled 
portion spans from y/(b/2) = 0.78 to the side edge. Inboard 
of this region, the measured pressures are practically constant. 

The predictions generated by LRCDM2 are based on a 
10-chordwise by 10-spanwise layout of constant u-velocity panels 
to model lift and the same layout of source panels are used to 
model thickness as shown in Figure 6(b) . In addition, 10 
spanwise strips with 10 segments in each were employed for the 
shock-expansion analysis. All predictions were performed for 
10° angle of attack. The results marked Bernoulli in 
Figure 7(a) are based on linear theory. Thus, the perturbation 
velocities substituted in the Bernoulli pressure coefficient. 
Equation (5) , are induced by all the panels distributed over 
the wing. The panel strengths were obtained from satisfying 
the f low-tangency boundary condition at the constant u-velocity 
control points (see Ref. 1 for details) . In this instance, 
the calculated Bernoulli pressure coefficients are within 10% 
of the experimental data. The predicted results designated 
shock expansion, corrected, are based on shock-expansion 
strip theory with the flow angles corrected for interference 
by linear theory as described in Section 2.6.2. The pressure 
coefficients predicted this way match the measured values 
even better especially inboard of the bevelled section. Note 
that in terms of loading pressures (AC p = Cp^ - Cp u ) , both 
methods give about the same answers except on the bevel. 

The chordwise pressure distributions indicated in 
Figure 7 (b) show the strong effects of the bevelled portion 
from the leading edge up to chordwise location x/c equal 
to 0.22. The spanwise station of this pressure distribution is 
approximately at half semi-span. On the upper and lower 
sides, the pressures are positive on the leading-edge bevel 
with half angle 15°. For 10.3° angle of attack both surfaces 
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of this bevelled portion are compression surfaces. Near the 
trailing edge, only the lower or windward side is affected by 
the bevelled edge . On account of the presence of a strong 
oblique shock attached to the leading edge, the Bernoulli 
pressure method based on linear theory underestimates the 
pressure coefficients on the upper and lower surface by about 
40% up to the flat portion of the wing. The corrected shock- 
expansion pressure method matches the experimental data much 
better near the leading edge. On the flat portion, both 
methods match the measured pressure level well. On the bevel 
at the trailing edge, both methods predict lower than measured 
pressure coefficients on the upper or suction surface. This 
is most likely due to boundary layer separation effects. On 
the lower or windward side, the corrected shock-expansion method 
matches experiment somewhat better. It should be mentioned 
that the flow correction angles calculated in accordance with 
Section 2.6.2 are small due to the two-dimensional nature of the 
flow in this case. However, the corrected shock-expansion 
method consistently provides the better predictions for pressure 
coefficients . 

3.4 Pressure Distributions and Normal Force Acting 
on JR = 1 Delta Wing 

In order to compare in detail the differences between 
pressure coefficients calculated with the linear, nonlinear and 
combined nonlinear/linear theory methods, program LRCDM2 was 
applied to the aspect ratio 1 delta wing shown in Figures 8 , 

9, and 10. This delta wing has a 4 percent circular arc 
(biconvex) streamwise airfoil. 

Figures 8 and 9 contain pressure distributions used in 
Reference 11 to test the shock expansion/linear theory concept 
originated by Carlson. The Mach number is 4.6 for all cases 
shown here so that the leading edge of the delta wing is just 
supersonic. The dashed line just inside the leading edge of 
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Bernoulli and shock expansion predictions 







Bernoulli and Newtonian predictions 






Concluded . 





Figure 9.- Chordwise pressure distributions on upper and lower surfaces of 

JR = 1 delta wing. M = 4.6, a = 20.56°. 




Bernoulli and shock expansion predictions 













the delta wing corresponds to the Mach cone associated with the 
free-stream Mach number. Therefore, the attached shock 
condition required by the shock-expansion method built into 
LRCDM2 is satisfied. In Figures 8(a,b) and 8(c,d), the 
pressure distributions are given for a low angle of attack 
of 5.56° at the 40 percent and 80 percent semispan stations, 
respectively. Pressure distributions at the same stations 
are shown in Figures 9(a,b) and 9(c,d) for a high angle of 
attack of 20.56°. 

The results predicted by LRCDM2 were obtained with a 
layout of 10-chordwise by 5-spanwise constant u-velocity panels 
to model linear theory lift and 10 chordwise by 5-spanwise 
planar source panels to account for linear theory thickness. 

The nonlinear and combined theories are applied to five 
chordwise strips on the top and bottom surfaces with 
10 segments on each strip. The results are categorized as 
follows . 

1. Shock expansion: pressure coefficients calculated 

with shock-expansion theory uncorrected for inter- 
ference effects, refer to Section 2.6.1 and 
Appendix D. (solid line) 

2. Bernoulli (linear theory): pressure coefficients 

calculated in accordance with Equation (6) and with 
the required perturbation velocities induced by the 
linear theory paneling method (s). (dashed line) 

3. Newtonian: pressure coefficients determined from 

Equation (9) on the windward side with Cp = 0 on 
the leeward side. (long dash, short dash line) 

4. Shock expansion, corrected: category 1 pressure 

coefficients are corrected for interference effects 
with combined nonlinear/linear theory as described 
in Section 2.6.2. (solid triangles) 
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5. Newtonian, corrected: category 3 pressure coeffi- 

cients are corrected for interference effects with 
combined nonlinear/linear theory as described in 
Section 2.6.2. (solid rectangles) 

The Bernoulli and Newtonian results are indicated on 
Figures 8(a), 8(c) and 9(a), 9(c). The Bernoulli results 
are shown again with the shock expansion results on 
Figures 8(b), 8(d) and 9(b), 9(d). 

In Figures 8 (a) and 8 (b) , the measured chordwise pressure 
distributions (open symbols) on the upper and lower surfaces 
at the 40 percent midspan station do not exhibit any 
irregularities. The magnitudes of the pressure coefficients are 
low due to the low angle of attack and high Mach number. 

On the windward side, the Newtonian pressure predictions shown 
in Figure 8(a) appears to match the data best while the 
Bernoulli and shock-expansion methods shown in Figure 8 (b) 
overestimate the measured pressure coefficients slightly. 

The corrected nonlinear pressures are not much different from 
the uncorrected ones. On the upper surface, the experimental 
data is only slightly above the value of the minimum pressure 
coefficient. Equation (4), and still below the zero level. 

The uncorrected and corrected Newtonian pressure coefficients 
are both zero by definition. The Bernoulli, uncorrected and 
corrected shock-expansion pressure coefficients match the data 
well. Nearer the wing tip, the levels of the measured 
pressure (open symbols) shown in Figures 8 (c) and 8 (d) are 
about the same as those at the 40 percent semispan location. 

On the windward or lower side, the Bernoulli pressures based 
on linear theory definitely overestimate the experimental 
data except near the leading edge . The uncorrected and 
corrected shock expansion and Newtonian pressure calculation 
methods agree well with the data. On the upper surface, the 
Newtonian based predictions are zero again whereas the 
experimental pressure coefficients approaches the minimum 
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value especially near the trailing edge. The Bernoulli, 
uncorrected and corrected shock expansion pressure coefficients 
all appear to match the data well. Note that the surface area 
near the wing tip rapidly diminishes and that the inboard 
pressures have larger effect on the overall normal force. 

Also, as far as the linear theory is concerned, the calculated 
pressures become infinite at the wing tip. This characteristic 
will be more pronounced at the high angle of attack. 

The effect of high angle of attack is shown in Figure 9. 

At the 40 percent semispan location. Figures 9(a) and 9(b), 
the measured pressure coefficients (open symbols) almost lie 
on straight lines. On the lower surface, the Bernoulli pressure 
coefficients are much higher than the experimental pressure 
coefficients except near the leading edge where the Bernoulli 
prediction approaches the zero level. This behavior is due to 
unrealistic (high) values of resultant flow velocity calculated 
with linear theory and substituted into the Bernoulli 
Equation (6) . In Figure 8(a) and 8(b), this behavior was not 
evident because the angle of attack is low. The corrected 
shock— expansion method shown in Figure 9(b) definitely improves 
agreement with experiment but the uncorrected Newtonian results 
shown in Figure 9(a) matches the windward data best. On the 
suction or upper surface , the level of the measured pressure 
coefficients is at the minimum. The Bernoulli, uncorrected and 
corrected shock-expansion pressure coefficients are also at the 
minimum level. Note that the Bernoulli pressure coefficients 
derived from linear theory are limited to the minimum value 
in accordance with Section 2.6.1. Again, the uncorrected 
and corrected Newtonian pressure coefficients are set at zero. 

Near the wing tip, Figures 9(c) and 9(d) , the effect 
of angle of attack is felt even more by the linear theory for 
the Mach number under consideration. On the lower or windward 
surface, the Bernoulli method actually predicts negative values 
for pressure coefficient. The resultant flow velocity 
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predicted by linear theory is very large near the leading 
edge and decreases too rapidly towards the trailing edge. This 
is mostly due to the high angle of attack and partially due to 
the high Mach number. The uncorrected and corrected Newtonian 
pressure method shown in Figure 9 (c) match the data best on 
the lower surface. The corrected shock-expansion pressure 
coefficients indicated on Figure 9 (d) are now affected by the 
arbitrary limitation on sidewash set by Equation (18) in that 
the calculated correction is not effective. On the upper sur- 
face the measured pressure coefficients are at their minimum 
and so are the calculated Bernoulli, uncorrected and 
corrected shock-expansion pressure coefficients. The 
uncorrected and corrected Newtonian pressure coefficients 
are at zero. 

The chordwise pressure distributions, some of which are 
discussed above, were integrated over the upper and lower 
surfaces of the JR = 1 delta wing to give the normal force 
coefficients as a function of angle of attack . In Figure 10 
the normal— force coefficient and the location of the center of 
pressure measured from the wing apex and normalized by the 
root chord are shown as a function of angle of attack. The 
experimental data (open symbols) was taken from Reference 11. 
For angles of attack up to 12°, the Bernoulli method based on 
theory matches the normal force data well. However, 
the center of pressure calculated by that method lies aft of 
the measured location and the error grows larger with a . This 
is typical of linear theory in the application to wings at high 
Mach number, the total normal force often is estimated well 
but the distribution of that force is faulty. The uncorrected 
and corrected Newtonian normal-force predictions (open and 
solid rectangles) are low at the low and high angles of attack 
for which results were calculated. This is due to the forced 
zero pressure coefficient value on the upper surface of the 
wing. This "shadow flow" approximation holds better at Mach 
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Figure 10.- Normal-force coefficient and center of pressure 
location for 2R = 1 delta wing as a function of angle 


of attack, M = 4.6. 




numbers in excess of 5. The center of pressure predicted by 
the Newtonian method is far forward of the measured level at 
the low angle of attack and matches the data coincidentally at 
the high anqle. The uncorrected and corrected shock-expansion 
method (open and solid triangles) match the normal force and 
center of pressure data well at the low angle of attack. At 
the high angle, the agreement in normal force is definitely 
better with the corrected shock expansion method. Center of 
pressure is not affected much by the correction. In summary, 
the corrected shock-expansion pressure coefficient method 
appears to give the best results for the delta wing under 
consideration at = 4.6 for both low and high angles of 
attack. On the windward side only, the pressure coefficients 
are predicted well by the Newtonian pressure methods. At the 
Mach number under consideration, the Bernoulli results agree 
fairly well with measured pressures and normal force at low 
angle of attack only. 

3.5 Pressure Distributions on Ogive Cylinder 

In addition to applying the Bernoulli (linear theory) , 
nonlinear and nonlinear/linear pressure coefficient prediction 
methods to a rectangular and delta wing, program LRCDM2 
was applied to the ogive cylinder with pointed nose shown 
in Figure 11. 

Experimental pressure coefficients are shown for the 
upper and lower meridians of the pointed ogive-cylinder by 
the open symbols. At zero angle of attack, the pressures 
should be the same. It can be seen that the pressures over- 
shoot the zero level past the tangency point. 

The predictions were obtained with a distribution of 
50 line source/sinks to model the linear volume effects of the 
body. Presently, LRCDM2 cannot treat a body alone. Therefore, 
a wing with a one-chordwise by one-spanwise panel layout is 
positioned at the body base. The circumferential number of 
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strips is determined by index NBDCR in namelist $INPUT. For 
this symmetric case there were NBDCR (=4) plus one equals 5 
strips laid out as shown below. This downstream view shows 



3 


the first segments in each strip. The numbers correspond to 
the sequence of pressure point locations actually printed in 
the program output. Each strip had 20 segments in it to cover 
the body from the nose to the base. For the case at hand at 
zero angle of attack, the pressures will be the same along all 
strips. Before discussing the comparisons between the pre- 
dicted and measured pressure coefficients, the locations of 
the conical shock and Mach cone will be indicated. This is 
followed by some general comments regarding the effects of 
shock location on the pressures acting on the body. 

For the case at hand, the following conditions exist. 


0 


nose 


V 


18.93° at x B = 0 
19.75°, i a = sintl/M^) 


M 


shock 


2.96 

29° from conical 
shock tables 


Conical 
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At zero angle of attack, the Mach cone associated with linear 
theory (also indicated in Figure 11) lies close to the body 
contour. For Mach numbers higher than 3.08, the body slope 
will exceed the Mach cone semi-vertex angle. In that case, 
subroutine BDYGEN of program LRCDM2 will replace the portion 
of the nose contour lying outside of the Mach cone with a 
conical portion with slightly smaller semi-vertex angle than 
the Mach cone so that the linear body analysis can be per- 
formed. For the conditions shown above, the conical shock lies 
within one radius of the body surface up to about 20% body 
length behind the pointed nose. 

The methods using shock expansion (Sections 2.6.1, 2.6.2, 
and Appendix D) require the condition of an attached shock. 
Whether the shock is attached or not, the pressures near the 
nose of any body in supersonic flow are generally not predicted 
well by linear theory. This characteristic is a function of 
how close the body surface is to the shock. For slender bodies 
at zero angle of attack, the Mach number can be relatively high 
before linear theory breaks down and nonlinear theory takes 
over. As the angle of attack is increased, the windward side 
of the body is affected first by the nonlinear shock properties. 
Under these conditions, the linear theory will underpredict the 
pressures acting on the windward portion of any body. 

In Figure 11, the Bernoulli pressure coefficients (dashed 
line) based on linear theory underestimate the experimental 
data up to about 20% body length. From there on to the body 
base, the Bernoulli pressure match the data very well including 
the overshoot. 

The uncorrected shock-expansion method (solid line) 
definitely overestimates the pressure coefficients and 
approaches the zero level just about at the tangency point. 

The corrected shock-expansion pressure coefficients (solid 
triangles) are closer to the experimental data but are still 
high. Note that for this case involving zero angle of attack. 


68 



the correction as determined by the method described in 
Section 2.6.2 is due to the difference in the Mach numbers M~ 
and M 3d with the lateral flow angle e equal to zero. The over- 
estimation is not unexpected since the shock-expansion method 
used here is actually based on a tangent-wedge solution 
applicable to wing type configurations. The tangent-cone 
solution is better for applications to axisymmetric bodies and 
will generate lower pressure coefficients on the body surface 
immediately behind the conical shock. As a matter of fact, 
for Mach number equal to 2.96 and using nose tip half angle 
"nose = 18.93°, the tangent-cone pressure coefficient is 
about 0.26 compared to 0.41 for the tangent-wedge pressure 
coefficient. These values of pressure coefficients are valid 
at the body nose or wing leading edge, respectively. 

The Newtonian predictions generally underestimate the 
pressure coefficients on the nose. In this case, the uncor- 
rected and corrected Newtonian methods are definitely not 
applicable due to the low Mach number under consideration. 

In summary, for the application to an ogive cylinder and 
probably to other body shapes as well, the Bernoulli method 
based on linear theory gives good agreement except for approxi- 
mately one-half of the nose length in this case. The distance 
from the nose tip to good agreement with data is a function of 
the proximity of the nose shock to the surface. If the shock 
lies within about one body radius from the body surface , the 
Bernoulli predictions will underestimate the pressure 
coefficients. The shock-expansion methods presently employed 
in LRCDM2 overestimate the pressure coefficients. The agree- 
ment with experimental data will be improved by replacing the 
tangent-wedge with a tangent-cone approach. The Mach number 
at hand is too low for simple Newtonian theory. 
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4 . CONCLUSIONS 


Program LRCDM2 was developed from an existing computer 
program NSWCDM for detailed static aerodynamic loading 
analysis of supersonic missiles with axisymmetric bodies and 
up to two finned sections (tail or canard-tail configurations) . 
The extensions and improvements incorporated in LRCDM2 
include an optional afterbody vortex-shedding method, handling 
of canard fin leading- and/or side-edge vortices in the vortex 
tracking scheme, and the capability for analyzing a given 
configuration in one run for a set of included angles of attack 
and roll angle for the same Mach number. In addition, two 
combinations of nonlinear/linear theories for extending the 
range of applicability in terms of Mach number are built into 
program LRCDM2 . 

Comparisons with experimental data and a calculative 
example involving afterbody loads are given to assess the new 
features. The program is tested successfully against measured 
overall forces and moments acting on a triform tail-finned 
configuration. The new afterbody vortex-shedding option is 
applied to a canard-controlled configuration with a long 
afterbody. The results indicate that accuracy has been sub- 
stantially improved for total rolling moment for the case with 
roll control. Initial tests of the nonlinear/linear approaches 
give good agreement for pressures acting on a rectangular wing 
and a delta wing with attached shocks for Mach numbers up to 
4.6 and angles of attack up to 20°. In particular, the axial 
center-of-pressure location is predicted well with the 
corrected shock-expansion pressure method for the delta 
wing at M b = 4.6. On bodies, the methods need further assess- 
ment and the tangent-wedge theory should be replaced with the 
tangent-cone method. 
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To the extend that program LRCDM2 has been tested, the 
following sets of recommendations are listed. The first set is 
concerned with theoretical aspects and the second set involves 
improvements to the structure of the computer program to make 
it more efficient and user friendly. The third set of 
recommendations are neither theoretical nor program-structure 
oriented but extend the capabilities of LRCDM2 . 

With regard to improvements to the present theoretical 
methods built into LRCDM2 , the following should be considered. 

1. The methods used to compute Bernoulli pressures on 
the forebody at high angles of attack under the influence of 
external vortices should be improved (refer to Section 3.1 and 
Appendix C, Section C.4). 

2. At high angles of attack, the fin trailing-edge 
vorticity associated with attached flow and the leading- and/or 
side— edge vorticity due to flow separation need to be recon- 
sidered in relation to each other. This will require an 
accurate and fast method for calculating span loading under the 
influence of moving vortices (refer to Section 2.4). 

3. The representation of the canard-fin wake in terms of 
a limited number of concentrated, discrete vortices is not 
accurate for cases involving tail fins positioned a short 
distance (e.g., one to two canard-fin chords) behind the 
canard section; in these cases the canard fin wakes are not 
fully rolled up and are better modeled by a distribution of 
vortices lying in a nonplanar vortex-wake sheet allowed to 
deform (roll up) between the canard section and the tail 
section. 

4. The vortex tracking scheme and the vortex effects 
calculation method (module VPATH2) should be enhanced with a 
simple vortex-core model to improve the vortex-path calcula- 
tions and vortex-induced velocities when vortices are close 
together or close to the body surface or fins; companion 
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program BDYSHD used optionally for afterbody vortex-shedding 
effects is already equipped with a vortex-core model. In 
addition, a study should be made of the effects of including 
the center vortex in the image scheme that is used in both 
programs. 

5. The combined nonlinear/linear pressure coefficient 
methods must be tested further for fins on a body; on the 
body, the tangent-cone solution should be incorporated. 

The following computer program oriented modifications will 
reduce computation time and make program LRCDM2 more user 
friendly. 

1. Save aerodynamic influence coefficients for velocity 
and pressure calculations at the panel control points and body 
pressure calculation points; similar coefficients for the panel 
strength calculations are already saved; additional computer 
time reduction will result with the saving of the influence 
coefficients for use with the pressure calculations especially 
when performing calculations for a set of included angles of 
attack and/or roll angle. 

2. In addition to the above, the following geometrical 
quantities can be saved for multiple included angles of 
attack and/or roll calculations: 

a. panel corner coordinates 

b. panel control point coordinates 

c. panel leading- and trailing-edge sweep angles 

3. In order to reduce core storage requirements, the 
present panel strength calculation scheme should be modified 
to an out-of-core solution method employing a blocked matrix 
and an iterative solution approach. 

4. Program LRCDM2 should be equipped with warnings in 
the program output to indicate : 


72 


a. number of constant u-velocity panels selected for 
modeling fin lift and interference on body is out 
of bounds 

b. number of planar source panels selected for modeling 
fin thickness is out of bounds 

c. excessive number of pressure points on the body 
surface 

5. Input to LRCDM2 can be simplified further and a 
common input module should be incorporated. 

6. Additional computer time can be saved by eliminating 
the forward-fin loading calculations performed in step 1 for 
cases without formation of forebody vortices. The forward 
fin loadings are calculated in step 3 and included in the 
overall force and moment calculation. 

The following two items would extend the capabilities of 
program LRCDM2 . 

1. Presently the fin-thickness model can only handle 
planar or cruciform fins; the source paneling layout routines 
need to be updated to handle arbitrary fin location on the body 
and arbitrary fin dihedral (or cant) angle. 

2. The normal force acting on a deflected fin needs to 
be resolved into the directions of the rolled body-axis 
coordinate system; the overall axial force and the yawing moment 
will receive added contributions. 
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APPENDIX A 
PROGRAM LRCDM2 


A . 1 INTRODUCTION 

The purpose of this appendix is to describe computer 
program LRCDM2 with emphasis on the information the user must 
supply and the general understanding of the program. In 
essence, program LRCDM2 computes pressure distributions at 
points on the surfaces of a complete supersonic configuration 
comprising a forward- (canard) and tail-finned section 
attached to an axisymmetric body. The analysis embodied in the 
computer program is based on supersonic paneling and line 
singularity methods coupled with vortex-tracking theory. 

Details of the theoretical methods are given in References 1 
and 2, and the latest modifications and extensions are given in 
this report. 

For a complete configuration, the program proceeds through 
an automated series of six steps to analyze the forebody and 
forward-finned section, the afterbody, and the tail-finned 
section. If the configuration consists of a body with a set 
of tail fins, only the first three steps are employed. 

The use of LRCDM2 and optional afterbody vortex-shedding 
program BDYSHD (Appendix B) in the stepwise procedure is 
described in Section 2.3 of the main part of this report. An 
executive routine organizes this procedure and also manages the 
exchanges of data sets containing point coordinates, vortex- 
induced velocity components, component loads, etc. In this 
process, effects of forebody and forward-fin vortex wakes are 
included in the pressure distributions and loads. Effects of 
afterbody vortex shedding on the afterbody loads and tail-fin 
loads can be included by the optional engagement of program 
BDYSHD described in Appendix B. Detailed components loadings 
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and overall forces and moments are obtained from the calculated 
pressure distributions. On the fins, the Polhamus suction-to- 
normal force conversion is included in the fin force and moment 
calculations as described in Appendix C of this report. 

In the following, descriptions are given of the types of 
geometry and flow conditions that can be treated by LRCDM2. 

The calculation procedure is listed in accordance with the 
automated stepwise procedure described in Section 2.3. Details 
of the internal data exchanges are specified. Program 
operation, including types of computer machines the program has 
actually been run on, is discussed. Known program limitations 
and precautions are listed. Input and output descriptions are 
keyed to specific steps of the stepwise procedure. Finally, 
a sample case is given including the use of optional afterbody 
vortex- shedding program BDYSHD. 

The text in the main part and the appendices of this report 
refer to subroutine names used in connection with the procedures 
implemented in LRCDM2 . The calling sequence of all the sub- 
routines of program LRCDM2 is shown in Figure A.l. The source 
listings of the subroutines contain comment cards, following the 
subroutine name card, stating their purpose. Throughout most of 
the subroutines, additional comment cards point out the flow of 
calculations and/or operations performed in the particular 
subroutine . 


A. 2 CONFIGURATION GEOMETRICAL CHARACTERISTICS 

The bodies must have (or are assumed to have) circular 
cross sections. In general, the body is composed of a nose 
section with varying radius followed by a cylindrical section 
with constant radius. The nose section may have the following 
shapes (the choice is set by control index BCODE in namelist 
$BODY , read in by subroutine BDYGEN as described in Section A.l): 
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BCODE 


Forebody Shape 

0 Parabolic 

1 Sears-Haack* 

2 Tangent-ogive 

3 Ellipsoidal 

4 Conical 


If the body nose is not pointed and/or if the Mach number is 
high enough to cause the body— nose contour or a portion thereof 
to lie outside the Mach cone with its apex at the nose tip, 
subroutine BDYGEN will replace that forebody portion with a 
conical portion. The surface of this conical replacement is 
made to lie just inside the Mach cone so that the body solu- 
tion can proceed. 

The effects of the following fin geometrical and other 
characteristics can be accounted for: 


Up to four planar (flat) fins in a given finned section 
in planar, triform, cruciform, and low-profile layouts 

• Control deflection angle 

• Fin location on body contour and fin dihedral (or cant) 
angle arbitrary 

Leading-edge shape: Straight line which may be swept or 

it can be composed of straight line elements with 
different sweeps 

• Trailing-edge shape: Straight line which may be swept 

or it can be composed of straight line elements with 
different sweeps 

• Thickness : Accounted for by specifying streamwise 

slopes 


*Ashley , H. and Landahl , M. : Aerodynamics of Wings and Bodies. 

Addison-Wesley Publishing Co., Inc. 1965, pp. 180-181. 
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• Taper : Uniform or broken 

• Mean camber surface : Planar 

• Side edges: Straight but not necessarily streamwise 

In the stepwise procedure of Section 2.3, program LRCDM2 
treats one finned section at a time. If the configuration of 
interest has only a tail— finned section (tail finner) , steps 
1 through 3 are used to analyze the body and tail fins. 


A. 3 FLOW CONDITIONS 

The executive routine of program LRCDM2 reads in a series 
of included angles of attack, a c , and angles of roll, <p , for one 
Mach number*. The approximate ranges of applicability of the 
present version of LRCDM2 are given in the following table. 

Ranges of 

Parameter Symbol 

Mach number M*, 

Angle of attack a c 

Roll angle 

Fin deflection angle S 

The high Mach number capability is due to the incorporation of 
combined nonlinear/linear pressure coefficient calculation 
methods described in Section 2.6 of this report. However, these 
methods are preliminary in nature in their present form. The 
linear theory Bernoulli pressure method is valid up to 
M =2.5. For configurations with long afterbodies (length of 

oo 

body between forward fins and tail fins in excess of 
10 calibers) effects of afterbody vortex shedding become 

*If program BDYSHD for optional afterbody vortex- shedding 
modeling is engaged, calculations are performed for one a c 
and one <f> only. 


Flow Parameters 
Range 

1.05 - 6.0 
0 - 25° 

0 - 360° 
± 20 ° 
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important for included angles of attack in excess of 10°. 

The afterbody vortex shedding companion program BDYSHD 
(Appendix B) can be optionally run in conjunction with LRCDM2 . 

It is applicable up to the onset of supercritical crossflow 
Mach number and/or unsteady vortex formation. 

A. 4 AUTOMATED STEPWISE CALCULATION PROCEDURE 
WITH DATA EXCHANGES 

The present version of program LRCDM2 contains routines for 
computing pressures and loads acting on the forebody, the fins, 
and the portion of body of either the forward- or tail-finned 
sections, and on the afterbody in the absence of afterbody shed 
vortices. In addition, program LRCDM2 contains routines called 
collectively module VPATH2 for calculating vortex paths along 
the configuration and for determining vortex-induced effects at 
points on the components. The calling sequence of all subroutines 
of program LRCDM2 is shown in Figure A.l. A cross reference map 
of all the common blocks is given in Figure A. 2 and the subroutines 
themselves are cross-referenced in Figure A. 3. References will 
be made later to the fixed or rolled body coordinate system 
^ x B ,y B' Z B^ shown in Figure A. 4. 

Optionally , program LRCDM2 can call separate program 
BDYSHD (Appendix B) by means of job control and program 
organized data exchanges to model the effects of afterbody 
vorticity. A complete configuration is treated as follows by 
multiple applications of program LRCDM2 and its module VPATH2 
as managed by the executive routine. The optional use of 
program BDYSHD is also described. 

The following sketch depicts the stepwise procedure super- 
imposed on a typical configuration with and without the 
application of program BDYSHD. The scheme without the use of 
the latter program is indicated on the side of the configura- 
tion. The optional sequence shown at the top includes program 
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BDYSHD to treat the afterbody. Note that steps 1, 3, 4, 
and 6 involve the body and fin routines of program LRCDM2, 
and steps 2 and 5 are performed by the routines of vortex- 
tracking module VPATH2 . Step 3a involves the afterbody 
vortex-shedding program BDYSHD. If the configuration of 
interest is a tail f inner, steps 1 through 3 only are 
employed . 

The executive routine of program LRCDM2 reads in the 
included angles of attack and angles of roll. Input associated 
with the forward fins, tail fins, and body are transferred to 
and saved in a data set on TAPE 2 . The executive routine then 
proceeds to manage the stepwise procedure as follows. 

References are made to certain control indices described later 
in the input description. Section A. 7. 
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Step 1 


Consider the forward fins mounted on the body. The body 
is modeled from its nose to the base by line singularities 
along the body longitudinal axis. Lifting-surface routine 
DEM0N2 is called by the executive routine with index NCPOUT 
in namelist $INPUT set egual to one. This step first 
generates the coordinates of the control points associated 
with the constant u— velocity panels distributed on the forward 
fins and the body-interference shell. The cylindrical inter- 
fs^srice shell has constant cross section and covers the body 
-L rom the xeaciing euge to tne trailing edge of the forward- 
finned section. The number of control points and the sets of 
coordinates are stored in a data set on TAPE4 . There are 
NWBP sets of coordinates where NWBP is the total number of 
control points on the forward fins and interference shell. 

The program proceeds to compute the pressure distributions 
on the body up to the forward- finned section. If the included 
angle of attack is sufficiently high and the forebody is long 
enough, the effects of forebody vorticity will be accounted for 
in the body pressures . The forces and moments 'acting on the 
forebody portion are obtained from integrating the pressure 
distributions. They are expressed in the unrolled and rolled 
body coordinate systems shown later in the output description. 

The forebody force and moment coefficients computed at 
this stage serve as the first values in the summing procedure 
for overall force and moment coefficients acting on the 
complete configuration. This operation is performed by 
subroutine TOLDS . 

The strengths of the constant u-velocity panels and 
subsequently the pressure distributions and loadings on the 
forward fins are calculated in this step without the effects 


*Refer to Limitations and Precaution Section A. 6 in connection 
with a deficiency in the forebody loading when body nose 
vortices are present. 
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of forebody vorticity. These fin loadings are not included 
in the summing procedure. At the end of this step, the 
strengths and positions of the forebody vortices in the 
crossflow plane at the leading edge (beginning) of the forward- 
finned section are stored in a data set on TAPE8. 

Step 2 

Vortex path module VPATH2 is now employed by the executive 
routine to track the nose vortices over the forward-finned 
section. In the input for this step, indices NCPIN and 
NVLOUT should both be set equal to one. The former causes the 
data set on TAPE4 containing the control points of the forward 
fins and interference shell to be entered, and the latter 
generates a velocity data set which will be described shortly. 
The input to this step also includes the strengths and 
positions of the forebody vortices from the data set on 
TAPE8 generated in step 1. These vortices are tracked back 
to the trailing edge (end) of the forward-finned section. It 
is possible to make the vortices lie parallel to the body 
centerline as described in the input section (recommended 
procedure, refer to Limitations and Precautions Section A. 6). 

After the vortex paths have been calculated, the per- 
turbation velocities induced by the forebody vortices are 
determined at the control points of the forward fins and 
interference shell. These velocity components are stored on 
a data set on TAPE 7 when index NVLOUT is set equal to one, as 
mentioned earlier. The vortex-induced velocities are calcu- 
lated as if the forward fins are not present in accordance with 
the procedure described in Section C.4 of Appendix C. 

Step 3 

Subroutine DEM0N2 is called again by the executive routine 
which sets NVLIN=1 and NCPOUT=0 in namelist $INPUT. The 
value of the first index instructs the program to read in 
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velocity components induced by the forebody vortices at the con- 
trol points on the forward fins and the interference shell. 

This information was generated in step 2 by module VPATH2 and 
stored in a data set on TAPE7 . The strengths of the constant 
u-velocity panels are then recalculated as well as the pres- 
sure distributions, forces and moments on the forward fins and 
on the body covered by the interference shell. The force and 
moment coefficients acting on the forward-finned section are 
added to those calculated for the forebody in step 1 . 

At this stage, the output also contains specifications for 
the concentrated vortices associated with the fin edges. 
Trailing-edge vortex strengths and positions calculated from 
the span load distribution using Bernoulli-type loading pres- 
sures and the characteristics of vortices from the fin 
leading- and/or side-edge calculated from the linear pressure 
loading are stored in a data set on TAPE 8 and will be used 
later in either step 3a or step 5. 

Step 3a (Optional) 

When index NBSHED in namelist $INPUT is set equal to 1, 
the force and moment coefficients summed over the forebody 
and forward-finned section are printed in the output of 
program LRCDM2 at the end of step 3 and stored on TAPES). 

Without this optional step, TAPE 9 is used exclusively for 
storage of the aerodynamic influence coefficient array for 
the forward fins and interference shell. 

Program BDYSHD (Appendix B) is called by the job control 
commands and besides reading its own input, the vortex data 
stored in TAPE8 is read in. This vortex data was generated 
by LRCDM2 and includes forebody and fin-edge vortex strengths 
and locations at the trailing— edge of the forward-finned 
section. These vortices form the initial vortex field for 
BDYSHD . 
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Under the influence of the upstream vortices, program BDYSHD 
computes pressure distributions at many axial stations from the 
forward-finned section up to the tail section. The Stratford 
criteria is applied to determine the location and strengths of 
additional vortices shed by the afterbody. In this process, 
many vortices are generated and form two vortex clouds. Incre- 
mental afterbody forces and moments are also computed. 

At the end of the afterbody (corresponding to the 
leading edge of the tail-finned section) , the vortex informa- 
tion on TAPE 8 is expanded by the addition of afterbody 
vortices. If the number of afterbody vortices exceeds a 
number NVTRNS specified in the input for BDYSHD, the 
afterbody vortices are represented by two equivalent vortices 
at the two centroid locations of the afterbody vortex clouds. 

One will be in the counterclockwise (positive) sense and the 
other will be in the clockwise (negative) sense. The vortex 
data associated with the forebody and forward fins are 
stored separately from the afterbody vorticity on TAPE8 . At 
the end of step 3a, the force and moment data on TAPE 9 are 
updated and contain the sums of the force and moment 
coefficients calculated for the forebody, the forward-finned 
section (steps 1 through 3) and the afterbody. 

Step 4 

If step 3a was not exercised, the executive routine of 
program LRCDM2 calls subroutine DEM0N2 to treat the tail-finned 
section as well as the afterbody. The body is flow modeled 
again from the nose to its base. In this step, effects of 
external vortices are not accounted for . Indices NCP0UT=1 , 
NVLIN=0, and ITAIL=1 in namelist $INPUT for this step. In 
addition, quantity XSTART must be set equal to the axial loca- 
tion of the trailing edge of the forward— finned section. The 
first index causes routine DEMON 2 to generate a data set, 
saved on TAPE4 , which contains the number and sets of 
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coordinates associated with control points on the tail fins 
and interference shell. Additionally, this data set contains 
the sets of coordinates specifying points on the afterbody 
surface between the forward fins and tail section at which 
pressures will be calculated. The tail-fin loadings calculated 
in this step do not include effects of forebody and canard- 
fin vorticity . No contributions are made to the summing 
procedure . 


For the case with step 3a, program LRCDM2 is called by the 
job-control stream and reinitializes the force and moment 
coefficients m subroutine TOLDS by reading in the data on 
TAPE9. Subroutine DEMON 2 reads input stored on TAPE 2 at the 
start of the run. In the tail-section portion of this data, 
index ITAIL=1. In this case, only the calculated control 
point coordinates on the tail fins and interference shell are 
stored on TAPE4 . Loadings are calculated on the tail-finned 
section excluding effects of any upstream vorticity. No 
contributions are made to the overall forces and moments. 


Step 5 

If step 3a was not performed, the executive routine calls 
VAPTH2 for the purpose of tracking the forebody and forward 
fin-edge vortices along the afterbody and through the 
tail-finned section. It is recommended to select VPATH2 input 
such that the vortex paths are made to lie parallel to the 
body centerline over the length of the tail section (refer 
to Section A. 7). The strengths and positions of the vortices 
at the end of the forward- finned section are read in auto- 
matically from the data set on TAPE8 generated in step 3. 

Indices NCPIN=1 and NVL0UT=1 for this step. The value given 
to the first index causes the program to read in the data set on 
TAPE4 containing control and body pressure point coordinates 
generated in the previous step. Velocity components induced 
by the external vortices are calculated at the points given 
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in this data set. The value given to the second index results 
in the generation of a data set stored on TAPE7 containing the 
vortex-induced velocity components. 

If program BDYSHD (step 3a) was used to treat the after- 
body, module VPATH2 tracks all vortices (including afterbody 
vortices) through the tail section only. Again, it is recom- 
mended to arrange the input to make the vortex paths be 
parallel to the body centerline. Vortex induced velocities are 
computed at the control points of the fins and interference 
shell of the tail section and stored on TAPE 7 . In this process, 
the velocity components induced by the external vortices are 
calculated with the tail fins not present in accordance with 
the description given in Section C.4 of Appendix C. 

Step 6 

Finally, the executive routine calls subroutine DEMON 2 
to compute loads acting on the tail fins including effects of 
upstream vortices. Indices NCPOUT and NVLIN are set equal to 0 
and 1, respectively, by the executive routine, and ITAIL=1 
in namelist $INPUT for the tail section stored on TAPE 2 . 
Therefore, subroutine DEM0N2 reads in the data set stored on 
TAPE7 containing vortex effects calculated in the previous 

step . 

If step 3a was not used, pressure distributions and loads 
acting on the afterbody are calculated by routine BDYPR of 
program LRCDM2 . They will include effects of forebody and 
forward-fin vorticity. 

The loads acting on the tail fins and interference shell 
are added to the loads acting on the afterbody, forward- 
finned section and forebody. The final sums represent the 
forces and moments acting on the complete configuration. 
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For the case with step 3a, the forces and moments calcu- 
lated for the tail fins and interference shell in step 6 are 
added to the summed quantities read in from TAPE 9 and trans- 
ferred to subroutine TOLDS at the beginning of step 4. The 
final sums represent the loadings acting on the complete con- 
figuration. The loadings consist of normal force and side force 
coefficients, pitching moment, yawing moment, and rolling moment 
coefficients. The axial force coefficient due to the forebody 
only is also calculated. The loads are expressed in the rolled 
(or fixed) body coordinate system (x B ,y B ,z B ) and in the unrolled 
body coordinate system (x B ,y,z) shown in the output description. 

A. 5 PROGRAM OPERATION 

Program LRCDM2 is written in FORTRAN IV language. The 
present version has been run on the following computer 
machines . 


CDC CYBER 173 
CDC CYBER 175 
CDC CYBER 176 
CDC 760 CYBER 
CDC 7600 
VAX 11/780 

There is no overlay structure. Core requirement is about 
2 7 OK octal words to load with array FVN dimensioned 24000 in 
blank COMMON of subroutine DEMON 2 (also refer to the next 
section for possibility of adjusting the FVN dimension) . 

In addition to the standard input and output tapes 
(TAPE5=INPUT, TAPE 6=OUTPUT ) , the program employs the following 
temporary storage devices. 
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TAPE2 : input for steps 1 through 6 for a complete 

configuration 

TAPE 4 : control point coordinates 

TAPE 7 : vortex induced velocity components 

TAPE8: body and fin vortex strengths and positions 

TAPE9: aerodynamic influence coefficients for forward- 

finned section, or; sums of force and moment 
coefficients acting on forebody and forward- 
finned section if program BDYSHD is used. 

TAPE10: aerodynamic influence coefficients for tail- 

finned section 

The aerodynamic influence coefficient data stored on TAPE 9 
and TAPE 10 for a complete configuration are used repeatedly 
during calculations for multiple included angles of attack 
and/or roll. 

Execution time is influenced by several factors. The 
primary influence is the number of constant u-velocity 
panels laid out on the lifting surfaces and interference 
shells of the forward- and tail-finned sections. Execution 
time in the vortex-tracking process is related to the length 
over which the vortex paths are to be calculated, the number 
of vortices, and the permissible error E5 allowed in these 
calculations. In addition, the number of included angles 
of attack and/or roll angle affects running time. Note that 
in the multiple angles case, running time is sharply reduced 
by saving the triangulated form of the aerodynamic influence 
coefficient matrix as presently arranged by LRCDM2 (refer 
to Section 2.5 of this report). 

A representative execution time is provided by the sample 
case described at the end of this appendix. The case 
involves a complete configuration with canard control . 
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The angle of attack is sufficiently high to form afterbody 
vortices which influence the overall forces and moments as 
described in Section 3.2.2 of this report. With a reasonable 
number of panels and including the engagement of companion 
program BDYSHD, total running time on a CDC 7600 is about 
65 seconds for one angle of attack and one Mach number. 


A. 6 LIMITATIONS AND PRECAUTIONS 

Program LRCDM2 makes a number of assumptions about the 
missile configuration and flow field. Certain options have 
not been fully tested. In addition, there are input and pro- 
gram calculated variables that have maximum values which 
should not be exceeded. These matters are described below. 
References are made to namelists and variables described in 
the input descriptions. Section A. 7. 

1. The optional nonlinear/linear pressure coefficient 
methods based on shock-expansion and Newtonian theories have 
been tested only on wings and on an ogive cylinder. At the 
time of this writing, complete configurations have not been 
treated with the optional pressure coefficient calculation 
methods . 

2. The Bernoulli pressure coefficient distributions 
calculated by subroutine BDYPR on the forebody and afterbody 
under the influence of external vortices suffer from a 
deficiency described in Section C.4 of Appendix C. In the pre- 
sent method, the external vortices only induce lateral velocity 
components and no axial velocity component. This problem does 
not exist in the afterbody loads calculated by optional program 
BDYSHD under the influence of shed and other external vortices. 
In the absence of afterbody shed vortices, subroutine BDYPR of 
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program LRCDM2 gives approximately the same results as 
program BDYSHD . Therefore, the deficiency mainly affects the 
loads on the forebody where the body nose vortices run close 
to the surface. 

3. The body cross section inscribed by the interference 
shells associated with the forward- finned and tail-finned 
sections is assumed to have constant cross-sectional area. 

This shell is placed on the body from the leading edge to the 
trailing edge of each finned section. If the forward fins are 
attached to the nose of the configuration, the shell should 
match the layout radius ( RA=RB specified in namelist $INPUT) 
as shown in the sketch below. The exposed fin semispan b/2 , 
also specified in $INPUT, is indicated. In a case such as this 



one, some care is required with regard to the forebody 
vortices if they are formed. Their lateral positions at the 
leading edge of the finned section must lie outside the 
radius of the interference shell. In this case, it may be 
better to alter the forebody contour so that the tangency point 
lies ahead or coincides with the axial location of the leading 
edge. An example of a modified contour is indicated by the 
curved dashed line. 
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4 . The vortex tracking module VPATH2 cannot handle expand- 
ing or contracting body cross sections. Therefore, the body must 
be constant in radius over the fin sections and the afterbody. 

5. In the specification of the number of constant u-velocity 
panels to be distributed on the forward or on the tail fins and 
respective interference shells in namelist $INPUT, the following 
limits must be kept in mind. For all fins and the interference 
shell, a maximum of 150 panels are available for either the for- 
ward or tail section. In the spanwise direction, the maximum 
number of panels is 19 for a fin. The number of panels on one 
interference shell must not exceed 100. 

In the present version of program LRCDM2 the total number of 
panels on the fins and interference shell for a given finned sec- 
tion is set at 150 with the dimension of array FVN in blank 
COMMON set at 24,000 in subroutine DEMON2. Depending on available 
core storage, this dimension can be increased to a maximum of 
62,000. The corresponding total number of panels is then 250. In 
namelist $BODY, the number of line sources/sinks and the number of 
line doublets (both specified by NXBODY) must not exceed 100. 

6 . The program has a symmetry option that considerably 
reduces the execution time for cases in which the flow field is 
symmetric relative to the configuration's vertical plane of 
symmetry. In the program, this situation exists only when the 
angle of roll, <j> , is exactly zero and if the fins are 
undeflected*. Necessary input requirements to select this option 
are described in Section A. 7. When this option is selected for 

a cruciform fin layout, loads are calculated on the right-hand 
side forward and tail fins only. Loads on the left fins are 
set equal to those on the right symmetric fins. 

It is necessary to impose a small but finite angle of roll 
(<j> = 0.001°) when treating an asymmetric case such as the 
following. Consider a cruciform canard-body-cruciform-tail 

ie 

Fins can be deflected symmetrically as in the case for pitch 
control . 
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configuration at zero sideslip but with the forward fins 
deflected asymmetrically . When calculating loads on the tail 
fins it is necessary to include and panel all the fins even 
though the free-stream velocity vector lies in the vertical 
plane of symmetry of the configuration. This is because the 
asymmetric deflection of the forward fins produces an 
asymmetric flow field at the tail section giving rise to 
loads on all four tail fins. 

7. The number of stations at which vortex coordinates 
are printed (index NIP in input for steps 2 and 5) cannot 
exceed 50. 

8. A maximum magnitude is set by the program for the per- 
turbation velocities induced by external vortices at the control 
points in the flow tangency condition and pressure calculations. 
Since these velocities are based on potential vortex theory, 
their values could assume large magnitudes if the vortices run 
close to the fins or body surface and cause undue influence. 
Consequently, their magnitude is limited to 0.35 V m . This value 
can be overridden by setting variable VRTMAX in namelist $INPUT 
and in the input to VPATH2 equal to the desired value. 

9. Accuracy in the vortex trajectory calculation is 
controlled through a variable, E5, which specifies the per- 
missible error in these calculations. Some care must be 
exercised in the choice of a value for E5. If its value is 
much smaller than 10~ 4 , computation time may become unduly 
long. 

Subroutine DASCRU will reduce automatically the initial 
integration interval in attempting to track the vortex paths to 
the accuracy specified by the value of E5. The initial 
integration interval (distance between first two axial 
stations XIP) can be reduced by as much as a factor of 100 
in order to provide results of the accuracy desired. If, after 
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reducing the integration interval by 100, a solution to the 
specified accuracy is still not obtained by DASCRU, the 
program will stop and register STOP40. A faulty crossflow 
plane flow field can cause this problem. For example, 
specifying an initial vortex field with coordinates inside the 
body contour will definitely cause problems. 

10. Vortex trajectory calculations may suffer from slight 
numerical errors when the body length is long. These are 
suspected to be caused by errors introduced by the integration 
scheme in subroutine DASCRU. This behavior can be observed 
when chasing a set of vortices, initially located symmetrically 
relative to the free-stream vector in the crossflow plane, 
along an axisymmetric body of considerable length (in excess 

of 25 body radii) . 

11. A further limitation occurs when a vortex comes very 
close to the plane of a fin. Module VPATH2 either will tend 
to move the vortex away from the lifting surface, or it may 
move it along the contour in an unrealistic fashion. The latter 
constitutes a limit to the theory. In reality, a vortex is 
made up of distributed vorticity with a core in which the 
lateral velocity component goes to zero towards the core center. 
Such a vortex structure passes right over (and/or under) the 
lifting surface in question. In a case such as this, it is 
recommended to make the vortex paths lie parallel to the body 
centerline as described in the input for module VPATH2 in 
steps 2 and 5. 

12. Care must be taken with the use of control indices 
NOUT and NPR. A very large amount of diagnostic output is 
generated when these indices are set equal to one . This 
output should only be used for debugging purposes employing 
a minimum number of constant u-velocity panels such as two 
per fin and four on the circumference of the body interference 
shell . 
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On the other hand, setting output control index MINPRN 
nonzero results in minimum print containing only the input and 
the overall force and moment coefficients. 

13. Subroutine BDYPR computes a number JCPT equal to the 
number of pressure points defined on the forebody in step 1 
or on the afterbody in step 4. The number is set by NBDCR in 
$ INPUT and the number of body rings calculated by the program. 
The number of control points (or constant u-velocity panels) 
on the fins and interference shell in a given finned section 
is NWBP . The sum of JCPT and NWBP must not exceed 500. The 
program will fail to run if the sum exceeds 500. The easiest 
remedy is to reduce the number of body singularities NXBODY 

in namelist $B0DY . 

14. If a portion of the forebody contour lies outside 
the Mach cone with its vertex at the nose tip, subroutine 
BDYGEN will change that contour portion to a conical contour 
lying just inside the Mach cone. In this way, the body 
solution will proceed and the pressure distribution on the 
first body ring will be calculated on the conical portion 
instead of the actual body contour. The body solution cannot 
proceed if the Mach cone from the nose tip lies inside the 
entire length of the body. In such a case, a message to that 
effect will appear in the output. 


A. 7 DESCRIPTION OF INPUT 


This section describes the input required by program 
LRCDM2 for treating the forebody and forward-finned section 
(steps 1 through 3) and for treating the afterbody and tail- 
finned section (steps 4 through 6) . The same variable names 
are used for steps 1 and 4 and for steps 2 and 5. The 
values required in steps 4 and 5 are those relevant to the 
afterbody and tail section. A control index and optional 
input only are required for step 3 . Optional input and the 
END card constitute the input for step 6 . The stepwise 
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procedure is described earlier in Section A. 4 of this appendix 
and in Section 2.3 in the main text of this report. 



The steps are shown again in the above sketch. If companion 
program BDYSHD is employed as an option in step 3a, 
the input for steps 1 through 3 and the input for steps 4 
through 6 is altered slightly. Input for BDYSHD is described 
in Appendix B. 

For clarity, the input required for all runs and the 
input requirements for each step are described. All input 
variables are listed at the end of this section in their 
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order of appearance for the first three steps. Most of 
the variable names are used again for the remaining steps. 

To run a complete configuration the inputs for each step are 
stacked in order and read in together . 

A sample input is given in Figure A. 5 in connection with 
the sample case which employs program BDYSHD . The details 
of this sample case are described later. It is concerned with 
a forward-control configuration with a cruciform set of 
forward fins and cruciform tail fins mounted on a slender 
axisymmetric body. 

Description of First Cards Required for All Single 
Runs, Multiple Runs or Restart Runs 


Item 1 

This card is entered regardless of the step at which cal- 
culations start. It specifies the starting (NSTART ) and ending 
(NSTOP ) step desired. There are two possible choices for 
NSTART : 

NSTART=1; calculations begin with step 1 
NSTART=4 ; calculations begin with step 4 

In particular, the latter choice is employed (with 
NST0P=3) when companion program BDYSHD is used to treat the 
afterbody in step 3a thereby interrupting the LRCDM2 run at 
the end of step 3 and restarting LRCDM2 at step 4 . 

Cases with one finned section at the body base (tail 
f inner) are treated with NSTART=1 and NST0P=3. 

The value of NSTOP should be given a value of 6 to 
ensure that the forward- and tail-finned sections of a complete 
configuration are examined completely. Calculations cease 
after the forward-finned section is examined when NST0P=3 . 

If NSTOP is given a value of 6, calculations stop after the 
tail-finned section is examined. 
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Item 2 


This card contains the number of included angles of 
attack for multiple calculations. 

Item 3 

These cards contain the values of included angles of 
attack for which calculations are to be done. 

I tain 4 

The number of angles of roll for each included angle of 
attack for which calculations are to be done are specified 
on this card. 

Item 5 

These cards contain the values of angles of roll for each 
included angle of attack for which calculations are to be 
done . 


The included angle of attack, ALFS , is the angle a c 
between the free-stream velocity vector and the body center- 
line (x B -axis in Fig. A. 4). Angle of roll, FEE, is also 
indicated by <|> in the sketch below. The program computes 
pitch and sideslip angles in accordance with the pitch-roll 
transformation mentioned in Section 1-4 of Reference 10. 
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Description of Input Requirements for Step 1 

Body nose with vortex effects and forward-finned section 

without vortex effects 


Item 1 (step 1) 

This first card serves as identification and may contain 
any alphanumeric information desired. This information is 
printed on the second page of the output. 

Item 2 (step 1) 

The second and following cards form the namelist $ INPUT 
which specifies the geometrical parameters of the fins and 
interference shell associated with the forward-finned section. 
These parameters include the fin leading-edge and trailing- 
edge sweeps, semispan and root chord. For a planar or cruciform 
fin alone, the root chord is the wing centerline or the 
cruciform fin junction. In the case of a fin-body combination, 
the root chord is the straight line formed by the junction of 
the fin and the body. This line must be parallel to the body 
centerline. The semispan is measured from the root chord. 

The root chord leading edge is at the same axial station for 
all fins. 

This namelist also contains the fin-deflection angles and 
the number of chordwise and spanwise constant u-velocity 
panels for each fin. The spanwise number, MSWR etc., may differ 
from one fin to another but the chordwise number NCW is the 
same for all. Similar information is specified for the 
layout of planar source panels*. The number of body inter- 
ference panels on the circumference, NBDCR, is also included in 
this namelist. The specification of the latter also determines 


♦Present version of LRCDM2 handles thickness effects only for 
planar or cruciform fin layouts. 
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whether or not a body is present. The number of body 
interference panels in the axial direction is specified by 
NCWB. The total number of constant u-velocity panels, NWBP, 
for one finned section is given by the relation 

NWBP = [NCW (MSWR+MSWL+MSWU+MSWD) + NCWB (NBDCR) ] 

and cannot exceed 150 unless the dimension of array FVN in blank 
COMMON is increased in subroutine DEMON 2 . The dimension equals 
the square of NWBP . 

The body cross section must be circular with constant 
radius where the fins are attached. The value of the body 
cross-sectional radius must be given to both RA and RB. 
Furthermore, the value of ERATIO must be set equal to one. 

The body interference length, BIL, is the body length spanned 
by the fins. Fin interference loading is calculated over this 
length. Length BIL is taken equal to the fin root chord CRP . 

Control index NDRAG must equal 1. This result in the 
calculation of in-plane forces for the suction distributions and 
consequently the fin normal-force augmentations and fin-edge 
vorticity characteristics. Index NBSHED controls the optional 
use of companion program BDYSHD for handling afterbody 
vortex shedding. 

In addition, more control indices including a minimum 
output option set by MINPRN, free-stream Mach number, and 
reference quantities SREF and REFL are read in. Breaks in 
leading-edge and/or trailing-edge sweeps are also allowed if 
the configuration is a wing or cruciform wing alone at zero 
sideslip or if the configuration consists of a fin-body 
combination. This option is governed by control index LVSWP . 
Angles SWLEP, SWTEP, SWLEV, and SWTEV need not be specified 
if LVSWP / 0. 

Control indices N2DPRB and N2DPRF activate the optional 
nonlinear pressure coefficient calculation methods. Indices 
NCPOUT, NVLIN, and ITAIL play an important part in the calculation 
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procedure built into the program as described earlier in this 
appendix and in Section 2.3 of this report. The axial location 
of the moment center, x^, must be specified in the body coordi- 
nate system (x^ ,y D , z D ) with origin at the nose as shown in 

O D D 

Figure A. 4. 

Angles PHIDIH (=<J> f ) and THETIT (=6) apply to cases involving 
four interdigitated or low-profile fin layouts with a vertical 
plane of symmetry. For cruciform or triform layouts, the 
default values are to be used. In the latter case, the fin root 
location angle and fin cant angles must be specified. Angles 
THETR, THETL, etc. locate the fin root chords on the body contour. 
Programmed default values correspond to planar or cruciform fin 
layouts. In addition, angles PHIFR , PHIFL , etc. correspond to 
the fin dihedral or cant angles. Default values correspond 
to planar or cruciform cases. For an interdigitated or low- 
profile fin layout, nonzero input angles PHIDIH and THETIT auto- 
matically determine the fin root location and fin can angles. 

Special notes are given at the beginning and at the end of 
the namelist $INPUT description with regard to input setups for 
symmetric flow conditions and for cases with fin deflections. 

Item 3 (step 1) 

This item pertains only to a wing alone or cruciform wing 
alone at zero sideslip. This optional input is required when 
there are breaks in the wing sweep or if the constant u-velocity 
panel side edges are to be laid out with user-determined unequal 
stepwise spacings. Variable YR is the distance from the root 
chord to the outboard panels side edges. Therefore, the first 
value for YR is zero. The last value for YR must equal wing 
semispan, B2, specified in the namelist $INPUT. In effect, 
this specification positions the panel outboard side edges on 
the right wing. The sweep angles are positive for wings with 
sweptback leading and trailing edges. 
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In the following Items 4, 5, 6, and 7, references are 
made to right, left, upper, and lower fins of a planar or 
cruciform fin layout. A sketch shown later in the itemized 
list of input variables relates the fin designations for the 
cruciform case to the fin designations for an arbitrary 
(interdigitated or low profile) fin layout. 


Item 4 (step 1) 

The optional input of this item is associated with a 
fin-body combination with breaks in leading-edge and/or 
trailing-edge sweeps. Also, this input is used for the 
configuration if the constant u— velocity panel side edges are 
to be laid out with user-determined unequal spacings. Variab)^ 
YRT is the distance from the fin root chord to the outboard 
constant u-velocity panel edges on the right fin. The first 
value should equal 0.0 and the last value for YRT equals the 
exposed fin semispan, B2; the latter is specified in the 
namelist $INPUT. The sweep angles are positive for right fins 
with sweptback leading and trailing edges. 


Item 5 (step 1) 


This optional input accompanies Item 4 and is associated 
with the left fin. Variable YLT is the distance from the 
wing root chord to the outboard constant u-velocity panel 
edges on the left fin. The first value should equal 0.0 and 
the last value for YLT equals the negative exposed fin 
semispan, -B2. The sweep angles are negative for left fins 
with sweptback leading and trailing edges. 

Item 6 (step 1) 

The information in this optional item accompanies 
Items 4 and 5 if the configuration is a cruciform fin-body 
combination. Again, this input should only be used if there 
are breaks in the fin sweep or if the panel side edges are 
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to be laid out with user-determined unequal spacings. 

Variable ZUT is the distance from the fin root chord to the 
outboard constant u-velocity panel edges on the upper fin. 

The first value should equal 0.0 and the last equals the 
exposed fin semispan, B2V. The latter is specified in name- 
list $INPUT . The sweep angles are positive for upper fins with 
sweptback leading and trailing edges. 

Item 7 (step 1) 

This optional information is the last of the four inputs 
associated with a cruciform fin— body combination if there 
are breaks in sweep or if the constant u-velocity panel side 
edges are to be laid out with user determined spacings; see 
Items 4 through 6. Variable ZDT is the distance from the fin 
root chord to the outboard constant u-velocity panel edges on 
the lower fin. The first value should equal 0.0 and the last 
value for ZDT must equal -B2V. The sweep angles are negative 
for lower fins with sweptback leading and trailing edges. 

Item 8 (step 1) 

This item is concerned with the specification of the 
layout and strengths of the planar source panels employed to 
model thickness of the lifting surfaces. This item is 
required only when NTDAT in Item 2 of step 1 ($INPUT) is set 
equal to 1. Basically, the planar source panels are laid out 
in the same manner used to layout the constant u-velocity 
panels. However, in this case the distance out to the outboard 
panel edge is now measured from the body centerline and not 
the root chord of the fin under consideration. Presently, the 
fin thickness option can only be selected for cases with planar 
or cruciform fin layouts. Breaks in sweep are handled by 
control index LVSWT in the same way control index LVSWP handles 
breaks in sweep in the layout of constant u-velocity panels. 
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The strengths of the planar source panels are related 
directly to the streamwise slopes which are specified in 
Item 8c of this step. Note that quantity THET is the tangent 
of the streamwise thickness envelope angle, THET=tan0 . For 
fins without or with breaks in sweep or user-specified 
distances to the outboard edges, the thickness slopes must 
be specified for all fins unless the flow conditions give 
rise to the symmetric (right to left) case. In the latter 
case, only the right horizontal fin of a planar or cruciform 
fin layout needs to be modeled for thickness. The present 
version of LRCDM2 cannot handle thickness effects for 
arbitrary fin layouts. 

Item 9 (step 1) 

The input cards for this item form the namelist $BODY 
which contains information for the body with circular cross 
section of the configuration under consideration. If the integer 
NBDCR in namelist $INPUT under Item 2 for this step is specified 
to be nonzero, a body must be present. The information in 
this input includes specification of body geometry parameters 
and it is read in by subroutine BDYGEN. The length of the nose, 
LNOSE , determines the body length over which the radius is 
changing as a function of the body axial coordinate. The 
actual nose configuration is governed by control index, BCODE , 
which selects preprogrammed forebody shapes described earlier 
in connection with geometrical characteristics. Section A. 2 
of this appendix. 

Normally the body length, LBODY , should at least equal 
the axial distance from the body nose to the trailing edges of 
the finned section under consideration. If the trailing edges 
are swept back, length LBODY should be taken to include the 
trailing edge of the tip chords or side edges of the fins at 
hand. For a complete configuration with two finned sections, 
quantity LBODY is set equal to the entire body length. 
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The minimum number of body modeling singularities NXBODY 
can be determined as follows. Let the density (line sources 
and line doublets/unit body length) be determined by the number 
of constant u-velocity panels in the chordwise direction on 
the fins divided by the root chord (or length of fin-body 
junction). Then, number NXBODY equals the density times body 
length. Number NXBODY should never exceed 100. 

Item 10 (step 1) 

This input is concerned with the optional strip theory 
approach for calculating shock-expansion and Newtonian 
pressure coefficients along longitudinal strips on the surface 
of the body. Refer to Section 2.6.2 of this report. Each 
strip is composed of segments (100 maximum) making angle 
THETA relative to the body centerline. Near the nose, these 
angles are nonzero and positive. Segment slope angles need to 
be specified for one strip only since the body is axisymmetric . 

Item 11 (step 1) 

This optional input is required only when variable NVRTX, 
specified in namelist $INPUT, is nonzero. In fact, NVRTX is 
the number of external, two-dimensional vortices whose 
influences are to be included in the pressure and loading 
calculations. Each vortex is assumed to be infinite in length 
and to be parallel to the body centerline. Therefore, with 
each vortex there is associated a nondimensional strength, 
GAMMA, and nondimensional crossflow plane coordinates, 

YVRTX , ZVRTX , given in the body or wing coordinate system 
shown in Figure A. 4. These quantities are input in subroutine 
VRTVEL. Note : This optional external vortex input is used 
for research purposes only. Normally, program LRCDM2 employs 
module VPATH2 to account for the presence of external vortices. 
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Item 12 (step 1) 


This new input is concerned with the optional strip theory 
approach for calculating shock-expansion and Newtonian pressure 
coefficients along longitudinal strips on the upper and lower 
surfaces of the fins. Refer to Section 2.6.2 of this report. 

The number of strips on the upper and lower exposed fin surfaces 
is equal to the number of constant u-velocity panels in the 
spanwise direction of each fin (MSWR, MSWL, etc. in namelist 
$ INPUT) . Each strip has 100 segments maximum. Angles THETA 
are the angles of the segments in the upper surface strips 
measured relative to the fin mean plane. Angles THETAB are 
the angles of the lower surface strips measured relative to the 
mean plane. Near the leading edge both angles are nonzero and 
positive. Near the trailing edge, these angles are usually 
negative. The segment-angle data is to be specified for each 
fin of a finned section unless the case at hand is symmetric, i.e., 
zero roll and cruciform or planar fins are under consideration. 

Description of Input Requirements for Step 2 
Track vortices past forward-finned section 

Item 1 (step 2) 

The first card serves as identification and may contain 
any alphanumeric information desired. This information is 
printed on the first page of the output. 

Item 2 (step 2) 

The second card contains indices concerning the body and 
fin geometry, control indices governing the input of control- 
point coordinates, the generation of velocity components, the 
amount of output, and the option to print plots for debugging 
purposes in the program generated output. 
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Item 3 (step 2) 


This card contains the end points for each body section 
for which coefficients describing a meridian will be given 
(Item 4). Usually, only one end point is required; that is, 
one body section with constant radius cylindrical cross 
section will be considered. 

Item 4 (step 2) 

For each body section, a set of coefficients (7 maximum) 
are specified on this card. They are members of the polynomial 
shown below and programmed in subroutine SHAPE . 

r = C^x + + C^x + CgX 

Here through C 7 are the coefficients, and r is the local 

body radius. In the present program, bodies of constant 
radius only are considered. Consequently, only coefficient 
C-^ is nonzero. It equals the radius (RA = RB specified in 
$INPUT , Item 2 of step 1) of the cylindrical cross section 
body . 

Item 5 (step 2) 

The coordinates of the fin planform corner points are 
read in if a set of cruciform or planar fins is present. 

Only one fin needs to be described. The XF and YF coordinates 
are shown in the example shown below; XF is measured from 
the body nose and YF is measured from the body centerline. 

In the application of vortex tracking module VPATH2 to a 
finned section (with constant radius body) , the fin layouts are 
limited to planar (for zero angle of roll) and cruciform. In 
addition, the fin planform is limited to delta or cropped delta 
shapes. Swept-back trailing edges cannot be treated. 
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XF (2) , YF ( 2 ) 


XF ( 3) , YF ( 3 ) 


Note: The axial coordinate of the trailing edge of the 
chord must be slightly larger than the axial coordinate 
trailing edge of the side edge. That is, the trailing 


root 
of the 
edge 


must be swept forward slightly. 


If the finned section has an arbitrary fin layout and/or 
fin planform, the vortices cannot be tracked through the 
section. In such a case, the paths of the vortices should be 
taken parallel to the body centerline by proper selection of 
the variables in Items 7 and 8 for this step. 


Item 6 (step 2) 

This card contains the permissible error, E5, used in a 
criterion on the integration scheme programmed in subroutine 
DASCRU. This card also reads in the upper bound, VRTMAX , 
imposed on the magnitude of the external vortex-induced 
velocity components. 

Item 7 (step 2) 

Quantity NIP is the number of axial stations over the 
length of the configuration along which the vortices are 
tracked. Vortex positions will be printed out at these 
stations. Module VPATH2 actually determines the axial 
positions of these stations. In addition, the vortex lateral 
coordinates computed at these stations are used for 
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calculating vortex-induced effects at body and fin control 
points. 

Item 8 (step 2) 

The beginning (XBEGIN) and ending (XEND) axial locations 
of the length of configuration along which the vortices are 
to be tracked are listed on this card. These distances are 
measured from the body nose. In step 2, it is possible to 
"freeze" the paths of the forebody vortices through the 
forward-finned section in a direction parallel to the body 
centerline (recommended procedure) . This is accomplished by 
setting NIP=1 in Item 7 and setting XBEGIN=XEND=leading edge 
of forward-finned section (XWLE in $INPUT, Item 2 for step 1) . 

Item 9 (step 2) 

This optional input is specified when NCPIN of Item 2 
is read in as zero. The number NCP is the number of field 
points at which vortex-induced velocity components are to be 
computed on the basis of the vortices being in the presence 
of the body only (refer to Section C.4 of Appendix C) . 

Item 10 (step 2) 

If the value of NCP in Item 9 is nonzero, these cards 
contain the coordinates, in the body coordinate system 
(x B ,y B ,z B ), shown in Figure A. 4, of the field points at which 
vortex-induced effects are to be computed. Note : In normal 

operation index NCPIN of Item 2 is set equal to 1 and the 
information of Items 9 and 10 is read in by means of a data 
set stored on TAPE 4 . 
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Description of Input Requirements for Step 3 
Forward-finned section with vortex effects 

Item 1 (step 3) 

The integer variable NVORT is used to control the influence 
of the nose vortices. It has been observed that nose vorticity 
may disperse over the forward-finned section. Since the 
present model for nose vorticity is incapable of representing 
such a situation, the user has the option of ignoring the 
existence of nose vorticity downstream of the forward-finned 
section. The options are: 

NVORT=0: Nose vortices, if present, are tracked over the 

entire configuration. 

NV0RT=1 : Nose vortices are ignored downstream of the 

trailing edge of the root chord of the forward 
fins . 


Item 2 (step 3) 

The optional input concerned with the optional strip 
theory approach for calculating nonlinear pressure coefficients 
on the forward fins, Items 12(a), 12(b), 12(c), and 12(d) for 
step 1, are repeated here if the option is used. 

Description of Input Requirements for Optional Step 3a 

(Program BDYSHD) 

Afterbody with vortex shedding 

The input for this optional step is described in 
Appendix B concerned with the companion program BDYSHD. If 
this program is engaged as described in Section A. 4 (with 
NBSHED=1 in namelist $INPUT for step 1) , care must be taken with 
the inputs for steps 4 and 5 described below. As mentioned later, 
XSTART in namelist $ INPUT for step 4 should be set equal to 
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the axial location of the tail-section leading edge . Quantity 
XBEGIN in Item 8 of step 5 should also be set equal to the 
axial location of the tail-section leading edge. 


Description of Input Requirements for Step 4 
Afterbody and tail section without vortex effects 

Input values required for step 4 are associated with 
the same variable names as the input values for step 1 and 
they are entered in the same order. The particular values 
required are those relevant to the afterbody and tail section. 
Namelist $BODY need not be repeated for a full configuration 
provided the body length LBODY is set equal to the entire 
body length in Item 9 of step 1. If companion program BDYSHD 
is employed to treate the afterbody including vortex shedding 
effects, set NBSHED=1, and quantity XSTART should equal 
quantity XWLE (axial location of tail-fins root chord leading 
edge) in namelist $INPUT. 

Description of Input Requirements for Step 5 
Track vortices along afterbody and tail section 

Input values required for step 5 have the same variable 
names and are entered in the same order as the input values 
for step 2. The particular values required are those 
relevant to the afterbody and tail section. 

If companion program BDYSHD is employed to treat the 
afterbody including vortex shedding effects, set XBEGIN in 
Item 8 equal to the axial location of the leading edge of 
the tail section. In addition, by setting NIP=1 in Item 7 
and XBEGIN=XEND=axial location of leading edge of tail section, 
the paths of all the vortices through the tail section are 
made to lie parallel to the body centerline (recommended 
procedure) . 
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If BDYSHD is not used, XBEGIN should be set equal to the 
axial location of the trailing edge of the forward-finned section. 
The paths of the vortices along the afterbody are calculated and 
the vortex positions are printed at a number of stations given 
by index NIP. The vortex paths are made to lie parallel to the 
body through the tail section by setting XEND = axial location 
of the tail section leading edge. 

Description of Input Requirements for Step 6 
Afterbody and tail section with vortex effects 

Item 1 (step 6) 

The optional input concerned with the strip theory approach 
for calculating nonlinear pressure coefficients on the tail fins, 
Items 12(a) through 12(d) for step 4 are repeated here if the 
option is used. 

Item 2 (step 6) 

This item contains the required final card with END in the 
first three columns. 

All input will now be listed in order of appearance includ- 
ing the format and algebraic symbols if applicable. 

INPUT VARIABLES FOR PROGRAM LRCDM2 


Program 

Variable Format Comments 


List of Input Variables Required for All Runs 


Item 1 

(215) 

Beginning and ending steps in 
calculation . 

NSTART 


Step at which calculations are 
started . 

NSTOP 


Step after which calculations 
are stopped. 
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Item 2 


(15) 


NALF 


Number of values to be used in 
included angle of attack sweep. 

Item 3 

(8F10.4) 


ALFS (N) 

a c 

Values to be used in included 
angle of attack sweep (N=l 
through NALF) , degrees. 

Item 4 

(15) 


NFEE 


Number of values to be used in 
roll angle sweep. 

Item 5 

(8F10.4) 


FEES (N) 


Values to be used in roll angle 
sweep (N=l through NFEE) , 
degrees . 

Note : For 

unrolled configurations, set FEES(N) equal to 


0. 001. for following cases. 

1. For a set of planar or cruciform tail fins 
subjected to asymmetric oncoming flow such as 
that induced by asymmetrically deflected canard 
fins . 

2. For any triform fin layout. 


List of Input Variables for Step 1 


The following four variables are used below in the 
description of the input variables for step 1. The terms 
"right" and "left" refer to an observer looking forward. 


MSWRP: Number of panels in spanwise direction on right 

fin + 1; MSWRP = MSWR + 1 

MSWLP: Number of panels in spanwise direction on left 

fin + 1; MSWLP = MSWL + 1 

MSWUP : Number of panels in spanwise direction on upper 

fin + 1; MSWUP = MSWU + 1 

MSWDP : Number of panels in spanwise direction on lower 

fin + 1; MSWDP = MSWD + 1 
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Also see notes at the end of namelist $INPUT for variables 
marked with " * " . 


Program 

Variable 

Item 1 


Item 2 
BIL 


B2 


B2V 


CRP 


CRPV 


DELD* 


DELL* 


DELR* 


Format Comments 

(20A4) Any alphanumeric information may 

be put on this card for identi- 
fication of the calculation. 

(namelist) Namelist $INPUT. 

Length of body influenced by 
fins to account for interference. 
For fins with unswept trailing 
edges and for wing-alone cases, 
BIL=CRP , default = 0.0. 

b/2 Exposed fin semispan of hori- 

zontal or upper right or lower 
left fins, dimensional. 

Exposed fin semispan of vertical 
or upper left or lower right 
fins, dimensional, default is 

0 . 0 . 

c r Root chord of horizontal or 

lower left or upper right fins, 

dimensional . 

Root chord of vertical or upper 
left or lower right fins, 
dimensional, default is 0.0. 

<5^ Deflection angle of vertical 

lower or upper left fin. 

Postive: trailing edge to right 

or down, degrees, default is 

0 . 0 . 

<$£ Deflection angle of horizontal 

left or lower left fin. 

Positive: trailing ddge down, 

degrees, default is 0.0. 

Deflection angle of horizontal 
right or upper right fin. 

Postive: trailing edge down, 

degrees, default is 0.0. 
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DELU* 


6 


u 


ERATIO 

FAC 


FKLE 

FKSE 

FMACH 

ITAIL 


K v,LE 


K v,SE 


M 


JCPT 

LVSWP 


Deflection angle of vertical 
upper or lower right fin. 

Positive: trailing edge to 

right or down, degrees, 
default is 0.0. 

Ratio of RB over RA, specify 
equal to 1.0, default = 1.0. 

FAC=0.95 Fraction of the 

constant u-velocity 
panel chord (which 
contains the centroid) 
where the control 
point is located. 

Fraction of leading-edge suction 
converted to normal force, 
default is 0.5. 

Fraction of side-edge suction 
converted to normal force , 
default is 1.0. 

Free-stream Mach number. 

ITAIL=0 Treat forebody and 

canards, steps 1 and 3, 
default value. 

ITAIL=1 Treat afterbody and 

tail section, steps 4 
and 6 . 

JCPT=0 Later calculated by 
program 

LVSWP=0 No breaks in fin lead- 
ing or trailing edges, 
or equal spanwise spac- 
ings of panel side edges, 
default value. 

LVSWP ^0 Up to 19 breaks in fin 
leading or trailing 
edges or up to 19 un- 
equal spanwise spacings. 
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MINPRN 


MSWD* 


MSWL* 


MSWR* 


MSWU* 


NBDCR* 


NBDYPR 


NBSHED 


MINPRN=0 No print suppression, 
default value. 

MINPRN>0 Input and final results 
only are printed. 

Number of spanwise constant u- 
velocity panels on the vertical 
lower or upper left fin; 

1 £ MSWD £ 19, default is 0. 

Number of spanwise constant u- 
velocity panels on the horizontal 
left or lower left fin; 

1 £ MSWL £ 19, default is 0. 

Number of spanwise constant u- 
velocity panels on horizontal 
right or upper right fin; 

1 £ MSWR £ 19 . 

Number of spanwise constant u- 
velocity panels on vertical upper 
or lower right fin; 

1 £ MSWU £ 19, default is 0. 

Number of constant u-velocity 
panels on the circumference of 
the body in the interference 
shell . 

NBDCR=0 No body present, default 
value . 

NBDCR>0 Body present (see 

Item 9) . Note ; select 
value divisible by 4. 
NBDCR will be halved by 
the program for sym- 
metric cases. 


NBDYPR=1 Pressures to be cal- 
culated along body 
meridians, default is 
0 , use value 1 . 

NBSHED=0 Afterbody vortex shed- 
ding companion program 
BDYSHD is not used, 
default = 0. 
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Companion program 
BDYSHD to be engaged 
after completion of 
step 3 for treatment 
of afterbody. 

No control point coordi- 
nates written, default 
value . 

Write coordinates (in 
body system) of control 
points on fins and body 
interference shell in 
data set (TAPE4 ) , and 
continue the run. 

Write coordinates (in 
body coordinate system) 
of control points on 
fins and body interfer- 
ence shell in data set 
(TAPE 4) , and stop the 
run (STOP 77) . 

NCRX* NCRX=0 Horizontal fins only 

present, default value. 

NCRX=1 Vertical fins in addition 
to horizontal fin surfaces 
present . 

NCW* Number of chordwise constant u- 

velocity panels on the fins. 

NCWB* Number of constant u-velocity 

panels in the longitudinal direc- 
tion on the surface of the body 
over the body interference 
length BIL, default is 0. 

NCWT Number of fin thickness (source) 

panels in a chordwise row, 
default is 0. 

NDRAG NDRAG=1 Include calculation of 

in-plane forces and fin 
trailing-edge vorticity, 
default = 0, set 
NDRAG=1 . 


NBSHED=1 


NCPOUT NCPOUT=0 


NCPOUT=l 


NCPOUT=2 
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NFVNPR 


NOLINP 


NOUT 

NPR 

NPRESS 


NTDAT 


NTPR 


NVLIN 


NFVNPR^O Print influence coeffi- 
cient matrix FVN for 
debugging, default is 0. 

NOLINP=0 Loadings calculated on 
the basis of linear 
pressures only, default 
value . 


NOLINP=l Loadings calculated on 
the basis of linear and 
Bernoulli pressures, 
default = 0, set 
NOLINP=l. 

NOUT^O Print large amount of out- 
put for debugging, default 
is 0 . 


Same as NOUT, default is 0. 

NPRESS=0 This value ensures that 
loadings are computed 
on the basis of the 
linear pressure rela- 
tionship in addition to 
the Bernoulli pressure 
relationship. A value 
of zero is fixed in the 
program . 

Number of sets of thickness data 

to be input in Item 8 below. 

(Presently applicable to planar 

or cruciform fin layouts only.) 

NTDAT=0 No thickness input data, 
default value. 

NTDAT=1 For horizontal fin, sym- 
metric layout; or for 
cruciform fin, symmetric 
layout with layout on 
vertical fins same as on 
horizontal fins. 

NTPR=1 Print debug output from 

subroutine THKVEL , default 
is 0 . 

NVLIN=0 (for steps 1 and 4) 
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NVRTPL 


NVRTX 


N2DPRB 


N2DPRF 


Applicable to fixed external 
vortices only. 

NVRTPL=0 Component of velocity 

parallel to fin induced 
by vortices not 
included in Bernoulli 
loading pressures . 

NVRTPL=1 Loading pressure calcu- 
lated including 
parallel component of 
vortex induced velocity, 
default value. 

Number of external vortices with 
fixed positions present, 

NVRTX < 10 (see Item 11) , default 
is 0. This option is to be used 
for special purposes only. 

Index governing type of loading 
calculation performed on the body 


surface . 


N2DPRB=0 

Linear and Bernoulli 
pressure coefficients, 
default value. 

N2DPRB=1 

Shock expansion and 
impact (Newtonian) 
pressure coefficients. 

N2DPRB=2 

Shock expansion and 
impact (Newtonian) 
pressure coefficients 
corrected with linear 
theory. 

For N2DPRB > 0, further input is 
required (Item 10) . 

Index governing type of loading 
calculation performed on fin 
surfaces . 

N2DPRF=0 

Linear and Bernoulli 
pressure coefficients, 
default value. 

N2DPRF=1 

Shock expansion and 
impact (Newtonian) 
pressure coefficients. 
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PHIDIH <t> p 

PHIFR 

PHIFL 

PHIFU 

PHIFD 

PHIINT 


N2DPRF=2 Shock expansion and 
impact (Newtonian) 
pressure coefficients 
corrected with linear 
theory. 

For N2DPRF > 0, further input is 
required (Item 12) . 

Dihedral or cant angle associated 
with interdigitated or low- 
profile four fin layouts, default 
is 0.0 for cruciform or triform 
fin layouts, 0 <_ <(> f <_ 90° . 

Dihedral angle of right upper fin, 
in degrees. Default is 0, See 
sketch below. 

Dihedral angle or left lower fin, 
in degrees, default is 0. 

Dihedral angle of right lower fin, 
in degrees. Default is 90.0. 

Dihedral angle of left upper fin, 
in degrees. Default is 90.0. 

Interdigitation angle, degrees, 
between front and rear finned 
sections. When viewed from the 
rear, this angle is positive when 
the front section is rotated 
clockwise with respect to the 
rear section. Default is 0. 
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Arbitrary Fin Layout 


Cruciform Fin Layout 



RA 


Radius of cylindrical part of 
body, dimensional, default 
= 0 . 0 . 


RB 

REFL 

SREF 

SWLEP 


J ref 


ref 


SWLEV 


SWTEP 


RB=RA , default = 0.0. 

Reference length used in moment 
calculations, dimensional, 
default is 1.0. 

Reference area used in load 
calculations, dimensional, 
default is 1.0. 

Horizontal or upper right and 
lower left fin leading-edge 
sweep angle measured in fin 
planform, positive for sweep 
back, degrees, default is 0.0. 

Vertical or lower right and 
upper left fin leading-edge 
sweep angle measured in fin 
planform, positive for sweep 
back, degrees, default is 0.0. 

Horizontal or upper right and 
lower left fin trailing-edge 
sweep angle measured in fin plan- 
form, positive for sweep back, 
degrees, default is 0.0. 
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SWTEV 


Vertical or lower right and 
upper left fin trailing-edge 
sweep angle measured in fin 
planform, positive for sweep 
back, degrees, default is 0.0. 

THETIT 0 Location angle associated 

with interdigitated or low- 
profile four fin layouts, 
default is 0.0 for cruciform 
or triform fin layouts, 

0 < 0 < 90° . 

Polar angle of right upper 
fin in degrees, default is 
0 . 0 . 

Polar angle of left lower fin, 
in degrees, default is 0.0. 

Polar angle of right lower 
fin, in degrees, default is 
90.0. 

Polar angle of left upper fin, 
in degrees, default is 90.0. 

TOLFAC TOLFAC=l Multiplication factor 

used in the evaluation 
of the tolerance, 

TLRNC, used in sub- 
routine VELO. 

VRTMAX Maximum magnitude of vortex 

induced velocities included in 
flow tangency condition and 
pressure calculations, default 
is 0.35. 

XM x B -coordinate of moment center in 

body-coordinate system, default 
is 0.0. 
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XSTART 


Axial station (x_-coordinate) 
aft of which body pressures are 
to be calculated, default is 

0.0. Note : For steps 1-3 set 

XSTART=0.0. For steps 4-6 set 
XTART=canard T.E. location and 
if NBSHED=1 , set XSTART=tail 
L.E. location. 

XWLE Axial location (Xg-coordinate) 

of fin root chord leading edge 
measured from body nose, 
default is 0.0. 

ZM zg-coordinate of moment center in 

body coordinate system, default 
is 0.0. 


The following relations must hold: 

1 . NWBP= [NCW (MSWR+MSWL+MSWU+MSWD) +NCWB (NBDCR) ] £15 0 . 

2. Also, MSWR, MSWL, MSWU , and MSWD should be at least five 
for valid fin trailing-edge vorticity characteristics. 

3. When running symmetric case, FEES (N) = 0.0 in Item 5 pre- 
ceding step 1 input, and if fins are deflected symmetrically, 
set MSWL, MSWU, MSWD, and DELL, DELU , DELD as follows: 

a. for cruciform fins, MSWR^O, set DELR^O.O, 
set NCRX=0 

MSWL=0 DELL=DELR 

MSWU=0 DELU=0 

MSWD=0 DELD=0 

b. for arbitrary fin layout, MSWR^O, MSWU^O, 2 cases: 

- no fin deflection 
set NCRX=1 

MSWL=0 

MSWD=0 

- with fin deflection, set DELR^O.O, DELU^O.O 
set NCRX=1 

MSWL=MSWU DELD=DELR 

MSWD=MSWR DELL=DELU 
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Item 3 


(3F10.5) 


YR(KJ) 

VSWLER(KJ) 

VSWTER(KJ) 

Item 4 
YRT (KJ) 

VSWLER(KJ) 

VSWTER(KJ) 

Item 5 


Optional input for planar or 
cruciform wing alone at zero side- 
slip (if LVSWP^O) . (Not used with 
fin-body combinations.) 

Distance from wing root chord to 
the constant u-velocity panel 
outboard side edge on right wing, 
1<KJ<MSWRP, (MSWRP<20) , YR(1)=0.0, 
YR(MSWRP) =B2 . 

Leading-edge sweep of wing between 
YR(KJ-l) and YR (KJ) , positive for 
sweep back, degrees, 1 _< K J £ MSWRP , 
(MSWRP<20) , VSWLER ( 1) =0 . 0 . 

Trailing-edge sweep of wing 
between YR(KJ-l) and YR(KJ) , 
positive for sweep back, degrees, 
1<KJ<MSWRP, (MSWRP£20) , 

VSWTER ( 1 ) = 0 . 0 . 


(3F10.5) Optional input for fin-body 

combination (if LVSWP^O) . 

Distance from fin root chord to 
the constant u-velocity panel 
outboard side edge on right 
horizontal or upper right fin, 

1 < KJ < MSWRP , (MSWRP£2 0 ) , 

YRT (1) =0.0, YRT (MSWRP) =B 2 . 

Leading-edge sweep of fin between 
YRT(KJ-l) and YRT (KJ) , positive 
for sweep back, degrees, 

1 < K J < MSWRP , ( MSWRP <2 0 ) , 

VSWLER ( 1 ) = 0 . 0 . 

Trailing-edge sweep of fin between 
YRT(KJ-l) and YRT (KJ) , positive 
for sweep back, degrees, 

1<K J<MS WRP , ( MSWRP <2 0 ) , 

VSWTER ( 1 ) = 0 . 0 . 


(3F10.5) Optional input for fin-body 

combination (if LVSWP^O) . 


A— 49 


YLT(KJ) 

VSWLEL (KJ) 
VSWTEL(KJ) 

Item 6 
ZUT (KJ) 

VSWLEU (KJ) 
VSWTEU (KJ) 

Item 7 
ZDT(KJ) 


Distance from fin root chord to 
the constant u-velocity panel 
outboard side edge on left 
horizontal or lower left fin, 

1 <K J <MS WLP , (MSWLP <2 0 ) , 

YLT (1) =0 . 0 , YLT (MSWLP) =-B2 . 

Leading-edge sweep of fin between 
YLT(KJ-l) and YLT(KJ), negative 
for sweep back, degrees, 

1 < KJ < _MSWLP , (MSWLP<20) , 

VSWLEL (1) =0.0. 

Trailing-edge sweep of fin 
between YLT(KJ-l) and YLT (KJ) , 
negative for sweep back, degrees, 
1 <K J<MSWLP , (MSWLP<20) , 

VSWTEL ( 1) =0 . 0 . 


(3F10.5) Optional input for cruciform fin- 

body combination (if LVSWP^O) . 

Distance from fin root chord to 
the constant u-velocity panel out- 
board side edge on upper vertical 
or lower right fin, l£KJ£MSWUP , 
(MSWUP<20) , ZUT (1) =0 . 0 , 

ZUT (MSWUP) =B2V. 

Leading-edge sweep of fin between 
ZUT(KJ-l) and ZUT (KJ) , positive 
for sweep back, degrees, 
1<KJ<MSWUP, (MSWUP<20) , 

VSWLEU (1) =0 . 0 . 

Trailing-edge sweep of fin between 
ZUT(KJ-l) and ZUT(KJ), positive 
for sweep back, degrees, 

1<K J< MSWUP , (MSWUP <2 0 ) , 

VSWTEU (1) =0.0 


(3F10.5) Optional input for cruciform fin- 

body combination (if LVSWP^O) . 

Distance from fin root chord to 
the constant u-velocity panel out- 
board side edge on lower fin, 

1 < K J <MS WDP , ( MS WDP£ 2 0 ) , 

ZDT (1) =0 . 0 , ZDT (MSWDP) =-B2V 
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VSWLED (KJ) 
VSWTED(KJ) 

Item 8 

Item 8(a) 

MSWT 

LVSWT 


NUNIS 

Item 8 (b) 
YTH (1,J) 


Leading-edge sweep of fin between 
ZDT(KJ-l) and ZDT(KJ), negative 
for sweep back, degrees, 

1 < K J< MS WDP , ( MS WDP <2 0 ) , 

VSWLED (1) =0.0. 

Trailing-edge sweep of fin 
between ZDT(KJ-l) and ZDT(KJ), 
negative for sweep back, degrees, 
1<KJ<MSWDP, (MSWDP<20) , 

VSWTED ( 1 ) =0 . 0 . 


(1015) 


Optional thickness input data 
when NTDAT^O. (presently appli- 
cable to planar or cruciform 
fin layouts only.) 


Information in Items 8 (a) , 8 (b) , 
and 8(c) are read in by sub- 
routine THKIN for the right hori- 
zontal fin. 


Number of source panels in the 
spanwise direction, 1<MSWT£19. 


LVSWT=0 No breaks in fin leading 
or trailing edges, or 
equal spanwise spacings 
of source panel sides, 
default is 0. 

LVSWT=1 Up to 19 breaks in fin 
leading or trailing 
edges or up to 19 unequal 
spanwise spacings. 

NUNIS=0 Thickness distribution 
varies over the span. 


NUNIS=1 Thickness distribution 
constant over the span. 


(3F10.5) Optional input for LVSWT=1. 

Distance from body centerline to 
the source panel outboard side 
edge , 1<J<MSWT+1 . 
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SWLET(J) 


SWTET ( J) 


Item 8(c) 


THET (K) 


Item 8(d) 


Item 8(e) 


Item 8(f) 


Item 9 


NXBODY 


Leading-edge sweep of fin between 
YTH ( 1 , J-l ) and YTH (1 , J) , positive 
1< J<MSWT+1 . 

Trailing-edge sweep of fin between 
YTH ( 1 , J-l) and YTH (1 , J) / positive 
for sweep back, degrees, 

1< J<MSWT+1 . 


(8F10.0) Optional input specifying stream- 

wise thickness slopes read in by 
subroutine THETIN in groups of 
NCWT values. 

NUNIS=1: K=1 , NCWT 

NUNIS=0 : K=1 , (NCWT*MSWT) 

Note: 1<K<400 


Optional thickness input for 
left fin. All input same as 
for right fin above. 

Items 8(a) , (b) , and (c) . 


Optional thickness input for 
upper fin when NCRX=1 in namelist 
$INPUT . Same input as for right 
fin, Items 8(a), (b) , and (c) . 


Optional thickness input for 
lower fin when NCRX=1 in namelist 
$INPUT . All inputs same as for 
right fin. Items 8(a), (b) , and 

( c ) . 


(namelist) Namelist $BODY read in by sub- 

routine BDYGEN . Required input 
when body with circular cross 
section is present, NBDCR/0. 
Note : This input required for 

step 1 only . 

Number of line source/ sinks and 
line doublet singularities dis- 
tributed along body centerline. 
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LNOSE 

LBODY 

BCODE 


Item 10 


Item 10(a) 
CONSTK 

Item 10(b) 
NSEG 

Item 10(c) 
THETA (J) 


Length of nose part of body 
measured from nose tip, dimen- 
sional (real variable) . 

Length of body, dimensional 
(real variable) . 


Control index (integer) for 
specifying forebody shape over 
length LNOSE. 

BCODE=0 Parabolic 

BCODE=l Sears-Haack 

BCODE=2 Tangent ogive 

BCODE=3 Ellipsoidal 

BCODE=4 Conical 


Optional input for calculation of 
2-D nonlinear pressures on body. 
Read when N2DPRB>0. Data required 
for one strip only since body is 
axisymmetric . 


(F10.5) 


Constant used in Newtonian pressure 
coefficient, normally CONSTK=2. 


(15) 


Number of 2-D segments used to 
describe body shape 2£NSEG£l00. 


(8F10.5) 


Slope angles of 2-D segments on 
body measured relative to body 
centerline in degrees. Eight 
values per card 1<J£NSEG. 
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Item 11 


(8F10.5) 


GAMMA (I) 

YVRTX(I) 

ZVRTX(I) 

Item 12 

Item 12(a) 
CONSTK 

Item 12(b) 
NSEG 

Item 12(c) 
THETA (J) 

Item 12(d) 
THETB (J) 


Optional input read by subroutine 
VRTVEL when the effect of fixed 
external vortices are considered, 
normally not used, 1<NVRTX<10 . 

Vortex strength divided by 
(2TrV co a) where a is body radius 
RA, 1<I<NVRTX. 

yg-coordinate of vortex, normalized 
by body radius, l£I£NVRTX. 

Zg-coordinate of vortex, normalized 
by body radius, l£l<NVRTX. There 
will be NVRTX sets of vortex 
inputs . 


Optional input for calculation of 
2-D nonlinear pressures on fins. 
Read when N2DPRF>0. 


(F10.5) 

Constant used in Newtonian - pressure 
coefficient, normally C0NSTK=2 . 


(15) 

Number of 2-D segments used to 
describe fin profile, 
2<NSEG<100. 


(8F10.5) 


Slope angles of 2-D segments on 
upper surface of fin measured 
relative to fin chordal plane, 
degrees, l£J<NSEG. 


Slope angles of 2-D segments on 
lower surface of fin measured 
relative to fin chordal plane, 
degrees, l£J£NSEG. 
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Note: Items 12(b) through 12(d) are repeated for each chordwise 

row of control points on each fin. That is, there are 
MSWR+MSWL+MSWD+MSWU repetitions of Items 12(b) through 
12(d), 1<J<NSEG . 


List of Input Variables for Step 2 
Track body nose vortices along forward-finned section 


Item 1 (20A4) Any alphanumeric information to 

identify the run. 


Item 2 (8110) 


NS 


NF 

NCPIN 


NVLOUT 


NOUT 


IPLT 


Number of body sections for 
which coefficients C(I,J) are 
required, 1<NS£7 . 

Number of corner points used to 
define fin geometry, 1<_NF<7 . 

NCPIN=1 Read in control point 

and body pressure points 
from data set (TAPE4) . 

NCPIN=0 Control points are not 
input via TAPE4 . 

NVL0UT=1 Write velocities induced 
by moving vortices (and 
calculated in this pro- 
gram) on data set 
(TAPE7) . 

NVLOUT=0 No such output . 

NOUT=l Print additional output. 

NOUT=0 Minimum output . 

IPLT=0 No plots showing vortex 
positions in the output. 

IPLT=1 Vortex positions shown in 
crossflow planes. 
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Item 3 


(7F105) 


XE ( I ) 


Axial coordinates of the end of 
each body section, l£l<NS . 

Item 4 

(8F10.5) 


C(I,J) 


Coefficients in the body meridian 
equation, 1<I£NS , 1<J£7 . Only 
C(I,1) is non-zero. It equals 
the body radius, RA. 

Item 5 

(8F10.5) 

Optional input concerning fin 
planform geometry when NF^O. 

XF (I) 

specify in , 

Axial coordinate of fin corner 
point , l£ I<NF . 

YF (I) 

pairs 

Lateral coordinate of fin corner 
point , 1<I£NF . 

Item 6 

(8F10.5) 


E5 


Error allowed in integration sub- 
routine DASCRU . Use the value 
0.01 or less. 

VRTMAX 


Maximum magnitude of vortex 
induced velocities, use the 
value 0.35. 

Item 7 

(8110) 


NIP 


Number of axial stations to be 
printed in output, l£NIP£50. 
Note: If XBEGIN=XEND set NIP=1 . 

Item 8 

(8F10.5) 



XBEGIN Axial location of vortex-tracking 

starting station. Note ; If 
vortices are assumed to lie parallel 
- to body centerline through forward- 

finned section in step 2, set 
XBEGIN=XEND and NIP=1 in Item 7. 

For step 5 refer to general descrip- 
tion of input for that step given 
earlier . 
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XEND 


Axial location of end station for 
vortex tracking. 


Item 9 (8110) Next two items are optional input 

for NCPIN=0 , only. 

NCP Number of control points and body 

pressure points or field points at 
which vortex induced velocities 
are to be calculated. 


Item 10 (3F10.5) 


CPX 

CPY 


Optional input when NCP^O 
specifying field point coordinates. 

Body x^-coordinate of field point, 
dimensional . 

Body yg-coordinate of field point, 
dimensional . 


Body zg-coordinate of field point, 
dimensional . 


List of Input Variables for Step 3 
Forward-finned section with vortex effects 


Item 1 


(15) 


NVORT Integer flag read in by routine 

DEM0N2 indicating how far along 
body the paths and influence of 
nose vortices are calculated. 

NVORT=0 Paths and influence cal- 
culated along entire 
body . 

NVORT=l Paths and influence cal- 
culated to trailing edge 
of canard root chord 
only . 


Optional input for nonlinear 
pressure calculation on fins. If 
Items 12(a) through 12(d) were 
specified for step 1, they are 
repeated here . 
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Input Variables for Step 4 


Same as for step 1 except this input is applied to the 
afterbody and tail section. Item 9 (NAMELIST $BODY) is excluded. 
Note : Set ITAIL=1. Also if NBSHED=1 in namelist $INPUT set 

XSTART=XWLE in $ INPUT. 


Input Variables for Step 5 

Same as for step 2, applied to afterbody and tail section. 
Note : If NBSHED=1 in namelist $INPUT for step 4, set XBEGIN= 
axial location of the leading edge of the tail section; also 
refer to general description of input for this step given earlier 
with regard to running upstream vortices parallel to the body 
centerline through the length of the tail seciton (NIP^O, 
XBEGIN=axial location of forward-finned section trailing 
edge, XEND=axial location of tail section leading edge). 


List of Input Variables for Step 6 


Item 1 Optional input for nonlinear 

pressure calculation on the fins. 
If items 12(a) through 12(d) 
were specified in step 4, they are 
repeated here . 


Item 2 End card with "END" punched in 

first three columns . 


The input deck must be terminated by a card with "END" 
punched in the first three columns. 
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A. 8 DESCRIPTION OF OUTPUT 


This section contains a description of the output generated 
by program LRCDM2 for a typical case involving a complete 
forward-fin, body, tail-fin combination. Hence, this output 
corresponds to a case where NS TART has a value of 1 and NSTOP 
has a value of 6. The output control index MINPRN specified 
in namelist $INPUT equals 0. If it is set equal to 1, only 
the input data and the overall force and moment coefficients 
are printed . 

A sample output is shown in Figure A. 7. It is the program 
output for the forward-controlled configuration used as the 
sample case discussed in Section A. 9 of this appendix. This 
sample case includes output generated by program BDYSHD 
described in Appendix B. Thus, program LRCDM2 first runs 
steps 1 through 3, program BDYSHD runs optional step 3a, and 
LRCDM2 resumes to run steps 4 through 6 . 

Large amounts of additional output are generated if print 
control indices NOUT and NPR are set nonzero. This additional 
output is provided as an aid in finding input and/or program 
problems. For the benefit of the user, references are made 
to specific subroutines from which portions of the output are 
printed. The subroutine names are shown in the subroutine call- 
ing sequence. Figure A.l. For clarity, the output is described 
separately for each step of the stepwise procedure described 
in Section A. 4 of this appendix and in Section 2.3 of this 
report. The output generated by companion program BDYSHD 
for optional step 3a is discussed in Appendix B. 

The following descriptions are concerned with the linear 
and Bernoulli pressure coefficient calculation methods. If 
the optional shock-expansion and Newtonian pressure coeffi- 
cients are used, the pertinent headings in the output will 
indicate that fact. 

The following coordinate systems will be mentioned in 
output descriptions. 
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1. Body coordinate system (x B ,y B ,z B ) with origin at the 
nose, Figure A. 4; this system is also called rolled or body- 
fixed coordinate system. 

2. Unrolled body coordinate system (x B ,y,z) also with 
origin at the nose and z in the plane formed by the free-stream 
velocity vector and the body centerline; lateral coordinate y 
is normal to this plane and points to the right as will be 
shown in a later sketch. 

3. Wing coordinate system (x w ,y w ,z w ) parallel to 
(x D ,v_,z D ) with origin on the body centerline at the axial 

£5 Xj O 

location of the root chord leading edge of either the forward- 
er tail-finned section. Figure A. 4. 

4. Local fin coordinate system (Xp,yp,Zp) with origin 

at the root chord leading edge, x p directed aft along the root 
chord, y_ in the plane of the fin (inboard or outboard) , and 

r 

z F normal to the fin plane (also refer to Appendix C, 

Section C . 2) . 


A. 8.1 Output From Step 1 

The first page is the title page and the second page 
identifies both the step and the particular run. For this 
step the title "LOADS ON FORWARD FINS WITHOUT EFFECTS OF NOSE 
VORTICES" is printed at the top of the second page followed 
by the run descriptor entered in input Item 1 for this step. 

Values of the variables in namelist $INPUT read in by 
subroutine DEM0N2 are printed on the second and possibly third 
page. The values of the variables pertain to the forward- 
finned section. All dimensions in the output are the same as 
in the input. Any dimensional system is acceptable to the 
program as long as it is used consistently. 

Fin-section geometry and the number of constant u-velocity 
panels in the chordwise (NCW) and spanwise (MSWR, MSWL, MSWU , 
MSWD) directions are listed on the next page. Fin geometry is 
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repeated on the following page with flow conditions. Quantities 
ALFA and BETA correspond to angles of pitch, a, and sideslip, $, 
respectively, calculated by the program in accordance with 
Equation (3) in this report. They are calculated from the 
included angle of attack, a c , and angle of roll, <J> , specified 
singly or multiply in Items 3 and 5 required for all runs. 
Information concerning the geometrical layout of the planar 
source panels used to model thickness of the fins is then shown 
if the thickness option is used. On the next page, the 
specified fin streamwise thickness slopes are printed. 

Coordinates of the control points generated by subroutine 
DEMON 2 and associated with the constant u— velocity panels are 
printed next. These panels are distributed on the fins and 
the body-interference shell of the forward-finned section. 

The number of control points and the coordinates, expressed 
in the (x fi ,y B ,z B ) system, are stored on a data set on TAPE 4 
for later use in step 2. There are NWBP sets of coordinates 
where NWBP is the number of control points on the forward fins 
and interference shell. The value of NWBP is given by the 
following relation. 

NWBP=NCW (MSWR+MSWL+MSWU+MSWD) +NCWB (NBDCR) 

Namelist $BODY , which is read in by subroutine BDYGEN , 
appears next. It is followed by the cylindrical coordinates 
and streamwise slopes of the body definition points. These 
coordinates are calculated by the program. The origin of each 
semi-infinite line singularity (linearly varying line source/ 
sink and linearly varying line doublet) used to represent the 
body is given under the heading TX. All axial coordinates are 
given in the body-coordinate system with origin at the nose, 
as shown in Figure A. 4. The strengths of the singularities are 
related to coefficients T(I) for the line sources or sinks, 
and by TC(I) for the line doublets. 
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On the next pages, the output shows the surface pressures 
calculated on the circumference of the forebody. The forebody 
is the length of body up to the forward-finned section. The 
first page of the body loading output is marked ***STEP1 on the 
upper right hand corner. The pressures are calculated by 
subroutine BDYPR on rings centered on the axial locations 
listed under the heading XB in the body coordinate system. 

The ring at each axial location is given a BODY RING number 
which is written above the pressure point coordinates, per- 
turbation velocity components involved, pressure coefficients, 
meridional body slopes, and pressure ratios. The pressures are 
calculated by subroutine BDYPR on the basis of both the linear 
and Bernoulli pressure-velocity relationships. The former is 
given by Equation (5) and the latter is given by Equation (6) 
in this report. Pressures based on shock expansion and 
Newtonian theories can be optionally calculated (refer to 
Section 2.6 of this report). If this is the case , the pressure 
headings are changed accordingly in all of the following output 

At the given axial station on the forebody, body-nose shed 
vorticity characteristics can appear ahead of the body pressure 
output if the included angle of attack is in excess of about 
5 degrees and if the forebody length is sufficiently long. 

The vorticity is represented by two concentrated vortices 
located symmetrically with respect to the crossflow component 
of the free-stream velocity vector as shown in the sketch below 
The vortex coordinates are specified in the unrolled body 
coordinate system and in the fixed body-coordinate system 
(rolled coordinates) nondimensionalized by the local body 


A-62 



radius. The coordinate systems are discussed below. The 
vortex characteristics will change from one station to the 
next. The calculated pressures include effects of the body- 
nose vortices, if present*. 

At the end of the output for each ring, the integrated 
loads on that ring are given in the unrolled body-axis and 
in the fixed or rolled body-axis coordinates for both linear 
loading and Bernoulli loading pressures. In addition, the 
cumulative body loads up to and including that ring are given. 
The relationship between the unrolled (x B ,y,z) and the rolled 
body-coordinate (x.,,y_,z D ) system is shown above at a given 

D D D 

body cross section. The x B -axis is the same for both systems. 
If the angle of roll <p is zero, the two coordinate systems are 
the same . 


Refer to Limitations and Precaution Section A. 6 in connection 
with a deficiency in the forebody pressures when under the 
influence of forebody vortices. 
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If body-nose vortices are generated on the forebody, their 
number, strengths and positions at the end of the forebody 
(i.e., at the beginning of the forward-finned section) are 
printed after the last forebody ring pressure distribution and 
loadings output . Positions are given in the body coordinate 
system (x^jy^z,,) in dimensional units. Vortex strengths are 
divided by the free-stream velocity. This information is 
stored in a data set on TAPE 8 for later use in step 2. 

The accumulated body loads calculated in step 1, including 
the last ring on the forebody, are used as the first values in 
the summing procedure for the force and moment coefficients 
acting on the entire configuration. In program LRCDM2 , the 
values for the force and moment coefficients are expressed in 
the unrolled body coordinate system (x B ,y,z) and in the rolled 
or fixed body coordinate system (Xg,y^,Zg) . 

The next page in the output lists the calculated control 
point coordinates X,Y,Z for the constant u-velocity panels 
distributed on the fins. These coordinates are expressed in 
the wing-coordinate system (x w ,y w ,z w ) shown in Figure A. 4. 
Perturbation velocities, induced at these points by the body 
sources/sinks and doublets, and lateral velocity components 
induced by vortices with their characteristics specified 
optionally in the input are also shown. The quantities 
BU,BV,BW are due to the body line singularities and WRTX,WVRTX 
are due to the vortices specified in optional Item 10 of the 
input for step 1. These velocity components are also expressed 
in the wing coordinate system (x w ,y w ,z w ). Normally, velocities 
induced by moving vortices are calculated by module VPATH2 
and printed later. Velocity components induced by the body 
singularities are calculated by subroutine VELCAL. 

Coordinates of the control points associated with the 
body interference panels are given on the next page. They are 
also expressed in the wing coordinate system (x w ,y w ,z w ) • 
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Velocity components THU, THV, and THW are induced by the planar 
source panels distributed on the fins to model thickness as 
an option. 

The next pages are concerned with the Bernoulli pressure 
distributions acting on the fins calculated by subroutine 
SPECPR. In step 1, the fin pressures do not include effects 
of forebody vortices, if present. Perturbation velocity 
components UTOTA, VTOTA, and WTOTA and the pressure coefficient 
PRESSA (=Cp) act on the upper side of the horizontal fins. 
Perturbation velocity components UTOTB , VTOTB , and WTOTB and 
the pressure coefficient PRESSB (=C p ) act on the lower side 
of the horizontal fins. Coordinates X, Y, and Z correspond 
to the control points of the constant u-velocity panels on the 
fins and are expressed in the wing-coordinate system (x w ,y w ,z w ) 
shown in Figure A. 4. The perturbation velocity components 
act along directions parallel to the wing- or body-coordinate 
systems. The Bernoulli pressure coefficient information is 
then given for the left (PRESSA) and right (PRESSB) sides of 
the vertical fins, looking forward. 

For cases with interdigitated or low-profile fin layouts, 
the pressures acting on the surfaces of each fin are still given 
by PRESSA and PRESSB. The designation of the fins in an 
arbitrary layout is related to the designation of the fins 
in a cruciform layout as shown below. 
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Arbitrary Fin Layout 


Cruciform Fin Layout 


( Looking Forward ) 


Fin 3 , U 



Fin 2 , 



Pressure coefficients PRESSA and PRESSB are shown in the sketch 
on the sides of the fins where they act. The lateral fin 
local coordinate (y F ,z F ) are indicated for each fin for the 
cruciform case and for one fin for the arbitrary fin layout. 

Note that for the arbitrary case the fin planes do not 
coincide with or z^,z^. However, the perturbation 

velocities are still expressed in the body- or wing-coordinate 
systems . 

The Bernoulli loading pressures shown on the next pages 
are computed as PRESSB minus PRESSA (AC p = DELTP , BERN.) for 
all fins, and the linear loading pressures (AC p = DELTP, LIN.) 
are proportional to the strengths of the constant u-velocity 
panels on the fins. 

Fin loading information is printed on the next pages. 

The first page is marked ***STEP1. First, the loadings 
calculated by subroutine SPECLD are based on the linear 
pressure loadings DELTP, LIN. The force and moment coefficients, 
spanwise loading and suction distributions are given for each 
fin as follows. 
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The heading specifies flow conditions and reference 
quantities including the moment center coordinates in the body 
system. It is followed by a list of the fin deflection 
angles, thrust coefficient, CTHR, acting in the negative 
X W (or x r) direction, force coefficient CZ in the z T7 (or z n ) 
direction, force coefficient CY in the y w (or y ) direction, 
pitching moment CM (nose-up positive) , yawing moment CLN 
(nose-to-right positive) and rolling-moment CLL (right-fin- 
down positive) coefficients. Values for the various loads, 
printed in the first column under the title "TOTAL" are the 
sum of the loads on the fins only. They do not include the 
carryover loads on the interference shell. 

Force coefficients CZ,CY and moment coefficients CM, CLN 
are also printed for the interference shell which covers the 
body over the length covered by the fins. They are only 
representative of the lift carryover or interference from the 
fins. The actual loads acting on this section of body are 
computed by integrating the appropriate pressure distributions 
printed out later as part of step 3. 

For convenience, the positive directions of the forces 
and moments expressed in the rolled or body-fixed system are 
indicated in the following sketch together with the rolled 
body- and wing-coordinate systems. So far, the loading 
coefficients have been expressed in the rolled body-axis 
system. The fin loading information is also specified in the 
unrolled body-axis system discussed earlier in connection with 
the forebody loads. For cases with zero roll angle (<J> = 0°), 
the two sets of force and moment coefficients are the same. 
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Under the heading SPANWISE DISTRIBUTIONS, the quantities 
of interest are the span loading CN*C/(2*B), and the suction 
distribution CS*C/(2*B) given as a function of the fraction of 
exposed fin semispan. These quantities are calculated in 
subroutine SPNLD . Parameter B is twice the exposed fin semi- 
span. Other important quantities are the leading- and side- 
edge augmentations CNADD to fin-normal force calculated from 
the suction distributions along those edges in accordance with 
Polhamus' suction-to-normal force conversion (refer to 
Appendix C, Section C.2). Proportion factors KVLE and KVSE 
are specified in namelist $INPUT. If the fin leading edge is 
supersonic, the suction and therefore the normal-force augment- 
ation along that edge is zero. The contributions from the 
additional leading- and/or side-edge normal force (s) acting on 
the fin to the force and moment coefficients in the rolled 
and unrolled coordinates are printed (CYADD, CZADD, etc.). 

The points of action of the additional leading- and side-edge 
forces are indicated by XCG, YCG, and ZCG. On the leading 
edge, the additional force is located at the spanwise center 
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of pressure of the suction distribution. On the side edge, 
the axial location is assumed to be at mid-chord. 

The strengths and lateral positions of the vortices 
associated with the fin leading- and/or side-edge normal force 
augmentations are printed next. Coordinates Y, C.G. and Z, C.G. 
are given in the local fin system (y p ,z p ) shown in an earlier 
sketch and in the rolled body-coordinate system. These 
coordinates represent the lateral vortex locations at the 
trailing edge of the fin. 

the above information is repeated for each fin in 
the finned section under consideration (forward section in 
step 1) . Note again that for step 1, the effects of forebody 
vortices (if present) are not included. These effects will 
be included later in the output associated with step 3 . 

loading computations are repeated by subroutine SPCLD 
on the basis of the Bernoulli loading pressures printed earlier. 
However, in this instance the characteristics of trailing-edge 
vorticity represented as one or more concentrated vortices 
are specified under the heading "T.E. FIN VORTICITY DUE TO 
ATTACHED FLOW." This vorticity is determined from the spanload 
distribution based on Bernoulli pressure loading (Appendix C, 
Section C.3) and is not related to the vorticity due to the 
force augmentations along the leading and side edges. 

None of the loading or vortex information calculated 
during step 1 is included in the summing or storing of data. 

This will be done in step 3 when the effects of forebody 
vortices are included. 


A. 8. 2 Output From Step 2 

At the top of the first page of output from this step, 
the title "PATHS OF NOSE VORTICES OVER FORWARD FINS" is printed. 
This is followed by the run identifier entered as input 
Item 1 for step 2. 
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The next output appears only if body-nose vortices have 
been formed as part of step 1. Fin planform geometry (if 
specified) and flow conditions are given. The permissible 
error, E5, in the vortex path integration scheme is printed. 
This output is followed by a list of vortex strengths and 
lateral positions at the initial axial station (beginning of 
forward-finned section) . Coordinates Y,VRTX and Z,VRTX and 
the axial locations are expressed in the rolled body-coordinate 
system (x B ,y B ,z B ). Vortex strengths are divided by the magni- 
tude of the free stream and as such GAMMA/VINF is dimensional 
(unit of length) . If the input specified in Items 7 and 8 
allow the vortices to move in the crossflow plane, the vortex 
coordinates are given at a number (NIP) of axial stations. 

If the vortices are assumed to travel aft parallel to the body 
centerline (by setting NIP=1 and XBEGIN=XEND) , the vortex 
coordinates are given for the first station only. 

The next item in the output for step 2 is a listing of 
the coordinates of field points (or control points) , read in 
be means of a data set on TAPE 4 , and the velocity components 
induced by the vortices at those points. If no body vortices 
were generated, the vortex effects will be zero. The coordi- 
nates and the velocity components are given in the rolled 
body-coordinate system (x B ,y B ,z B ). The vortex effects are 
calculated on the basis of the vortices in the presence of 
the body only (refer to Appendix C) and are stored in a data 
set on TAPE?. Finally, the updated body-nose vortex positions 
and strengths are shown and stored on TAPE 8 . 

A. 8. 3 Output From Step 3 

In step 3, as in step 1, loads are calculated on the 
forward-finned section. The only difference between the two 
steps is that the effects of nose vortices (if present) on 
the fins and interference shell are included in step 3 while 


A-70 



they are omitted in step 1 . Much of the output in step 3 
appears similar to that in step 1. To the extent possible, 
repeat calculations are avoided in order to decrease program 
execution times. For example, the body singularity strengths 
and the loads on the forebody are calculated in step 1 only 
while the loads acting on the portion of body in the forward- 
finned section are determined only in step 3. 

The title "LOADS ON FORWARD FINS WITH EFFECTS OF NOSE 
VORTICES marks the beginning of the output for step 3. This 

is followed by the run identifier entered in input item 1 of 
step 1 . 

Values of the variables in namelist $INPUT are printed on 
the following pages. These values are the same, with the 
exception of NVLIN and NCPOUT, as used in step 1. These latter 
two variables have been set by the executive routine to read 
in the vortex-induced velocities, calculated in step 2, 
from a data set (NVLIN=1) and to not write the control point 
coordinates onto a data set (NCPOUT=0) . 

Immediately below the list of namelist $INPUT is a 
statement specifying whether or not the nose vortices are 
tracked past the forward-finned section. This is controlled 
by the variable NVORT entered as input to step 3. Body-nose 
vortex effects are calculated along the afterbody and tail 
section when NVORT has a value of zero. When NVORT is assigned 
a value of one, effects of nose vortices are neglected down- 
stream of the trailing edge of the forward-finned section. 

The fin section geometry characteristics, and flow con- 
ditions are printed again. Vortex-induced velocities at the 
panel control points (XCP,YCP,ZCP) are printed next. These 
velocity components are designated WEL and WVEL and were 
calculated in step 2. The values should agree with the V 
and W values printed at the end of that step. In step 3, the 
point coordinates and velocity components are expressed in the 
wing coordinate system (x w ,y w ,z w ) . 
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Pressure coefficients based on the Bernoulli expression. 
Equation (6) , calculated at the control points of the panels 
on the fins are printed on the next pages. The meaning of 
above and below are discussed in the corresponding output 
description for step 1. This time, in step 3, the pressure 
coefficients (PRESSA, PRESSB) and pressure loadings (DELTP ,LIN . , 
DELP ,BERN . ) include contributions from the forebody vortices 
if present. 

Fin loading information for step 3 is printed on the 
next pages. These loads are presented in the same manner as in 
step 1. The first set of loads is based on linear pressure 
loading, and the first page shows ***STEP3 in the right upper 
corner. The difference between the fin loads printed during 
step 1 and those printed during step 3 is that the former loads 
do not include effects induced by any nose vortices while the 
loads given in step 3 do include these vortex effects. 

The leading- and side-edge fin normal-force augmentations 
and the associated fin-edge vortex characteristics are printed 
after the spanwise distributions for each fin of the forward- 
finned section. These quantities are calculated as part of 
the linear pressure loading method in accordance with 
Appendix C of this report and Appendix C of Reference 1. 

During step 3, the fin force and moment augmentations are added 
to the forebody force and moment coefficients calculated 
during step 1. In addition, the leading- and side-edge vortex 
characteristics are added to the data set on TAPE 8 . 

The second set of loading information is based on the 
Bernoulli loading pressures. It is printed on a page marked 
***STEP3. During step 3, the fin loads are added to the 
accumulated force and moment coefficients. The total load 
acting on a fin of a forward-finned section is given by the 
sum of the force or moment coefficient listed under the 
heading "BERNOULLI PRESSURE LOADS IN BODY SYSTEM" or 
"FOLLOWING ARE IN UNROLLED BODY -AXIS COORDINATE SYSTEM" and 
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the corresponding additional force and moment coefficients due 
to leading- and/or side-edge normal-force augmentations cal- 
culated with the linear pressure loadings*. This information 
is printed a few pages earlier under the spanwise distribu- 
tions output generated with linear pressure loading. 

The trailing— edge vorticity characteristics shown under 
the heading "T.E. VORTICITY DUE TO ATTACHED FLOW" are added 
to the table of vortex strengths and positions on TAPE 8 as 
listed at the end of the fin load output. Coordinates Y and Z 
under the heading "VORTEX INFORMATION WRITTEN ON TAPE 8 FROM 
SUBROUTINE SPNLD" correspond to the rolled body coordinates 
y B and z fi of the vortices at the trailing edge of the 
forward-finned section. The vortex strengths, GAMMA, are 
divided by free stream. 

Finally, pressures and loads acting on the rings of the 
body interference shell are printed under the heading 
"PRESSURE COEFFICIENTS AT POINTS ON BODY MERIDIANS." This 
set of rings covers the length of body next to the fins of the 
forward-finned section and follows the rings on the forebody. 

The widths of the rings of the interference shell are set by 
body interference length BIL and axial paneling number NCWB 
both specified in namelist $INPUT, Item 2 for step 1. Coordi- 
na t es XB , YB , and ZB are expressed in the rolled body coordinate 
system ( x B fY B » z B ) • Perturbation components UTOT, VTOT, and 
WTOT are also in that system and include contributions from 
body singularities, fin thickness panels, constant u-velocity 
panels on the fins and interference shell and external 
(forebody) vortices if present. 

The final accumulated ring loads are added to the overall 

force and moment coefficients accumulated so far. If optional 
* ' 

The NASA/LRC version of LRCDM2 prints the total fin forces 
under the Bernoulli pressure loads as CZFT ,CYFT . . .etc . and 
CZFTU , CYFTU . . . etc . The sample case output shown later does not 
show these quantities. 
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afterbody vortex shedding program BDYSHD is engaged (step 3a) , 
the forces and moments accumulated for the forebody and 
forward-finned section are printed under the heading 
"SUMMARY OF TOTAL LOADS" at the end of step 3. The output for 
optional step 3a is described in Appendix B. 

A. 8. 4 Output From Step 4 

If optional step 3a was engaged to handle the afterbody, 
the output for step 4 commences with a list of accumulated 
force and moment coefficients for the configuration up to the 
tail section. Without step 3a, this step marks the beginning 
of calculations on the afterbody and tail fins. The same type 
of information is printed in steps 4 through 6 as in steps 1 
through 3 with minor differences. The output will be described 
in short. 

Following the title "LOADS ON TAIL FINS WITHOUT VORTEX 
EFFECTS" the run descriptor, entered as input item 1 for this 
step, is printed. Namelist $INPUT is printed next followed 
by tail-section geometry, flow conditions, tail-fin planform 
and thickness information and namelist $BODY . The body 
parameters include the entire body length and should be the 
same as printed out for step 1. 

Body dimensions and line-singularity information are 
printed next. This information is identical to that in step 1 
and is repeated for convenience. 

The next portion of the output shows the coordinates, 
in the rolled body-axis system, of the constant u-velocity 
panel control points distributed on the tail fins and inter- 
ference shell. If optional step 3a was not engaged, this 
output is continued for points on the afterbody at which 
pressures will be calculated. These coordinates are stored 
on TAPE4 for later use in step 5. At the beginning of this 
output, the total number of coordinate sets is given and this 
number should not exceed 500. 
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Control point coordinates of the constant u-velocity 
panels distributed on the tail-fin surfaces are printed next, 
followed by the coordinates of the control points associated 
with the body interference panels. The formats of both of 
these are the same as for the corresponding output in 
step 1 and are accompanied by body induced velocities, fixed 
external vortex effects (normally not used here) and fin thick- 
ness effects, respectively. 

The next pages contain the pressures acting at the control 
points of the constant u-velocity panels on the fins. The 
meanings of the headings are described earlier under output 
for step 1. In this step 4, effects of external vortices 
(from the forebody, forward- finned section, and optionally 
the afterbody) are not included. 

Fin loading information for linear and Bernoulli loading 
pressures follow. The format is the same as used for steps 1 
and 3. These tail-fin loads are without external vortex 
effects. None of the tail— fin loads and vortex information 
are either added to the accumulated forces and moments or 
saved . 


A. 8. 5 Output From Step 5 

The information shown in the output for step 5 is con- 
cerned with the tracking of and the effects induced by the 
forebody vortices (if present and if NVORT is set equal to 
zero in step 3) and the vortices originating from the fins of 
the forward-finned section. The kind of information given and 
the formats used are identical to those described for step 2. 

Two cases are possible. In the first case, optional 
step 3a is not used and the output for step 5 covers the length 
of body from the trailing edge of the forward-finned section 
up to the tail section as a minimum. Vortex effects induced 
at points on the afterbody and tail section are printed at the 
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end of this step. In the second case, optional step 3a is 
engaged and companion program BDYSHD tracks the forebody 
vortices (if present and if NVORT is set equal to zero in 
step 3) and the forward-fin vortices together with afterbody- 
shed vortices up to the tail section. In this case, the 
effects induced by the vortices at points on the tail section 
only are printed at the end of this step. In either case, 
the vortices can be allowed to move laterally through the 
tail section or the vortex paths can be made to lie parallel 
to the body centerline as described in the input for step 2 
and step 5. In the latter case, the last body x B -station 
listed corresponds to the leading edge of the tail section. 

A. 8. 6 Output From Step 6 

As a minimum, the output for this step is concerned with 
the loadings, including vortex-induced effects, acting on the 
tail section. This is the situation when optional step 3a 
is engaged in which case afterbody loads are calculated by 
program BDYSHD. If step 3a is not used, the loads are calcu- 
lated on both the afterbody and tail section by program LRCDM2 
in step 6 including vortex-induced effects. In both cases 
the output is similar to that described in step 3. 

Input relevant to the tail section appears on the first 
few pages. This is followed by a list of vortex-induced 
perturbation velocities calculated in step 5. The coordinates 
XCP,YCP,ZCP correspond to the control points of the constant 
u-velocity panels on the tail fins and interference shell and 
are expressed in the rolled body coordinate system (Xg,yg,Zg) . 

If optional step 3a is not used, this list also includes 
vortex-induced velocity components at points on the afterbody, 
and the surface pressures and body ring loads are presented 
next at program determined axial locations XB. The format 
is the same as that used for presenting the surface pressures 
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on the forebody in step 1. These pressures and the integrated 
loads acting on the rings include vortex induced effects 
calculated in step 5. 

For cases with optional step 3a, the next portion of out- 
put gives the Bernoulli pressures acting on both sides of the 
fins. This is followed by a list of the linear and Bernoulli 
loading pressures acting on the fins. The format of the 
pressure distribution output is described in detail for the 
output of step 1. In this step, effects induced by upstream 
vortices are included. 

Tail-fin loads are given next, first using linear pressure 
loading and then Bernoulli pressure loading. These loads 
are presented in the same manner as the forward-finned section 
loads printed in step 1 so that comments made there apply here 
also. Again, these loads now include effects due to the 
upstream vortex flow field. The total load acting on one 
tail fin of the tail section is given by the sum of the force 
or moment coefficient listed under the heading "BERNOULLI 
PRESSURE LOADS IN BODY SYSTEM" or "FOLLOWING ARE IN UNROLLED 
BODY-AXIS COORDINATE SYSTEM" and the corresponding additional 
force and moment coefficients due to leading- and/or side-edge 
normal-force augmentations calculated with the linear pressure 
loading*. This latter information is printed a few pages earlier 
following the spanwise distributions output generated for linear 
pressure loading. The additional quantities appear under the 
headings "L.E. AUGMENTATION OF FIN NORMAL FORCE... ETC" and/or 
S.E. AUGMENTATION OF FIN NORMAL FORCE ... ETC . " The fin 
forces and moments are added to the forces and moments 
accumulated up to the tail section. 

The next item of information printed in this step is the 

surface pressure distribution acting at the control points 

X B'^B' Z B body interference shell for the tail section. 

This shell covers the portion of the body from the leading 
__ 

See footnote on page A-73. 
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edge of the tail section to the trailing edge. The pressures 
are integrated to obtain loads acting on the rings centered 
at x B . The loads summed over all the rings in the tail section 
are added to the accumulated force and moment coefficients. 

Finally, the executive routine directs subroutine TOLDS 
to print the summary of total loads . Note that in the summing 
or accumulation process, only loads which include vortex 
effects are included (i.e., results from step 1 for the fore- 
body, results from steps 3 and 6 for the finned sections and 
afterbody, or from optional step 3a for the afterbody) . 

After printing the flow conditions, the total force and moment 
coefficients valid for the complete configuration under con- 
sideration are listed in the rolled and unrolled body-axis 
coordinate systems. These coordinate systems are described at 
the beginning of this section. The loads are calculated with 
the linear pressure/velocity relationship. Equation (5), and 
with the Bernoulli pressure/velocity relationship. Equation (6) , 
respectively. On the basis of comparisons with experimental 
data, the Bernoulli results are considered the better of the 
two. It is also possible to employ optional nonlinear pressure 
coefficient calculation methods described in Section 2.6 of 
this report. The pressure headings will change accordingly. 


A. 9 SAMPLE CASE 

In order to illustrate the use of program LRCDM2 and 
optional program BDYSHD , the input and output are supplied in 
this appendix for a case involving a canard-tail missile with 
forward roll control. References will be made to the stepwise 
procedure described in Section A. 4 of this appendix. 
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The geometry of the sample case is associated with the 
TF-4 wind tunnel model with PR = 2 canard fins and PR = 1.06 
"king" tail fins shown in Figure 3 of this report. The 
included angle of attack is high enough to cause formation of 
afterbody vortices. Thus, in this calculation companion 
program BDYSHD is engaged to account for afterbody-shed 
vortex effects on the afterbody loads under the influence of 
canard vortices, and BDYSHD will also generate the vortex field 
at the beginning of the tail section. 

As shown in Figure 3, the configuration consists of an 
ogive nose followed by a cruciform canard section, cylindrical 
afterbody with constant radius and a cruciform tail section. 

The essential geometrical and modeling details are listed 
below together with the corresponding input variable names for 
the body, canard section and tail section. 


Body 


Nose length 

LNOSE 

9.518 

Overall length 

LBODY 

102.32 

Nose type 

BCODE 

2 (ogive) 

Constant body radius 

RA,RB 

2.115 

Number of singularities 

NXBODY 

50 


(line sources/sinks and 
line doublets) 
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Forward-Finned Section 


(four fins in cruciform layout) 


Fin root chord 

CRP , CRPV 

11.13 

Leading-edge sweep angle 

SWLEP , SWLEV 

47.1° 

Trailing-edge sweep angle 

SWTEP , SWTEV 

0.0° 

Exposed fin span 

B2,B2V 

7.23 

Interference shell length 

BIL 

11.13 

Root chord L.E. location 

XWLE 

15.8 

Deflection angles of left 
and right horizontal fins 

DELL ,DELR 

—5.0, +5.0 

Number of constant u-velocity 
panels in chordwise direc- 
tion 

NCW 

4 on each 

Number of constant u-velocity 
panels in spanwise direc- 
tion 

MSWR , MSWL , 
MSWU , MSWD 

6 on each 

Number of constant u-velocity 
panels in longitudinal 
direction on interference 
shell 

NCWB 

4 

Number of constant u-velocity 
panels on circumference of 
interference shell 

NBDCR 

12 

Tail Finned Section 


(four fins in 

cruciform layout) 


Fin root chord 

CRP , CRPV 

21.59 

Leading-edge sweep angle 

SWLEP , SWLEV 

45.0° 

Trailing-edge sweep angle 

SWTEP , SWTEV 

0.0° 

Exposed fin span 

B2,B2V 

9.04 

Interference shell length 

BIL 

21.59 

Root chord L.E. location 

XWLE 

80.73 


A-80 



The constant u-velocity paneling layout is the same as for 
forward- finned section. 


Flow Conditions and Reference Quantities 


Included angle of attack 
Angle of roll* 
Free-stream Mach number 
Reference area 
Reference length 
Moment center 


ALFS 

(a c ) 

15° 

FEES 

(<J>) 

0.001 

FMACH 


2.5 

SREF 


14.12 

REFL 


4.23 

XM 


46.04 


All of the above information is included or used to 
generate the input shown in Figure A. 5(a), A. 5(b), and A. 5(c) 
for the roll control case. All of the input data shown in 
these figures are read in together. The information listed in 
A. 5 (a) actually covers the geometry and other input for the 
canard and tail section. This data is stored on TAPE2 for 
later use. However, since NSTART=1 and NST0P=3 (see Item 1 
required for all runs) , the calculations will be interrupted 
at the end of step 3. Index NBSHED is set equal to 1 signi- 
fying engagement of companion program BDYSHD. Figure A. 5(b) 
shows the input for optional step 3a required by program BDYSHD 
described in Appendix B. This input also includes the body 
characteristics and number of singularities listed above except 
that LNOSE was chosen 15.8. This will not make any difference 
insofar as calculations on the afterbody are concerned. 

Finally, the remaining input required by LRCDM2 to perform 
steps 4 through 6 is indicated in Figure A. 5(c) . 


See note in input variable description following Item 5 
required for all runs; in this case, the horizontal canard 
fins are deflected asymmetrically so <f> = 0.001°. 
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Note that the portion of input in Figure A. 5 (a) read in 
by module VPATH2 does not contain any canard or tail fin corner 
coordinates. This information is not required if the vortices 
are assumed to lie parallel to the body centerline over the 
length spanned by the canard section and tail section, 
respectively (refer to input descriptions for steps 2 and 5) . 

The job control card stream suitable for use on a CDC 7600 
computer is shown in Figure A. 6. Basically, program LRCDM2 is 
run first with the first half of the data of Figure A. 5 (a) to 
handle the forebody and the canard section. Upon completion 
of step 3, program BDYSHD is called to perform step 3a con- 
cerned with afterbody vortex shedding using the data of 
Figure A. 5(b) . Finally, LRCDM2 is called again with the second 
half of the data of Figure A. 5(a) stored on TAPE 2 together with 
the data shown in Figure A. 5(c) to treat the tail section. 

Data set transfers are organized automatically by the two 
programs . 

The output generated by program LRCDM2 (with print 
control MINPRN=0 in $INPUT, Item 2 of input for steps 1 and 4) 
and by optional companion program BDYSHD (with print controls 
NPRNTS=NPRNTV=1 and program output plot control NPLOTV=3;) is 
shown in Figures A. 7 (a), A. 7(b), and A. 7(c). A detailed 
description of LRCDM2 output is given in Section A. 8 of this 
appendix. Output generated by BDYSHD is discussed in 
Appendix B. 

The first figure contains the output for steps 1 
through 3 containing information calculated by LRCDM2 for the 
forebody and canard section. The right and left horizontal 
fins are deflected asymmetrically for roll control. For the 
included angle of attack and forebody length, no forebody 
vortices are formed. Therfore, module VPATH2 computes zero 
vortex-induced vortex effects and the fin loading results 
calculated in step 1 are the same as those printed under 
step 3 . 
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Since optional program BDYSHD is engaged to treat the 
afterbody, Figure A. 5 (a) concludes with a summary of the 
loads acting on the forebody and canard fins. The forebody 
loads are determined in step 1 and the canard section loads 
are calculated in step 3. The basic total load on a canard 
fm based on Bernoulli loading pressure is given in the output 
for step 3 under the heading "FIN LOADING INFORMATION" 

(with ***STEP3 in upper right corner) and subheading 
"BERNOULLI PRESSURE LOADS..." If the fin has a subsonic 
leading edge and/or nonzero length side edge, additional loads 
acting on those edges are calculated with the linear pressure 
loading and printed a few pages earlier under the heading 
"L.E. AUGMENTATION..." and/or "S.E. AUGMENTATION..." For 
example, the total force coefficient acting on the deflected 
right horizontal fin (Fin 1 or R) in the Zg-direction 
is made up of the following contributions: 


Bernoulli ~ 2.7760 from fin loading information 

based on Bernoulli loading 
pressure 


additional: CZADD I S<E< = 0.02325 from fin loading information 

based on linear loading 
pressure 


CZ 


TOTAL 


2.79925 


The basic fin loadings can be calculated with linear or 
Bernoulli pressure loadings, the additional loadings are 
always calculated with linear pressure loadings. This 
procedure holds for all force and moment coefficients acting 
on fins of a finned section. 
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The output of Figure A. 7(b) contains pressure distribution 
and vortex field information generated by companion program 
BDYSHD . Only a subset of the actual output is shown. The 
analysis starts at the canard trailing edge (X=x R =26.93) with 
a set of vortices associated with the forebody and canard 
section. The vortex characteristics are specified next to the 
heading "INITIAL VORTICITY DISTRIBUTION." Vortex coordinates 
Y and Z are specified in the yg and Zg directions, respectively 
(see Figure A. 4) . This information is generated by subroutine 
SPNLD in step 3 and transferred by means of a data set on 
TAPE 8 to BDYSHD. The output includes optional crossflow plane 
plots showing the upstream and additional vortices shed from 
the afterbody in a schematic manner. These plots only serve 
to visualize the vortex field in the vicinity of the circular 
cross section afterbody shown as a collection of asterisks. 

At the end of this output, the final vortex field is indicated 
and the portion associated with the shed vortices is represented 
by the two centroids of shed vorticity. The listed force and 
moment coefficients acting on the afterbody are calculated on 
the basis of the Bernoulli pressure Equation (6) only. A list 
of the vortex field data set at the beginning of the tail 
section (X=x =80 . 73) , is printed. It is headed by the two 
afterbody vortex centroids. Note that this vortex field is 
not symmetric left to right. The loading and vortex field 
information is automatically transferred to program LRCDM2 for 
steps 4 through 6 by means of data sets stored on TAPE 9 and 
TAPE 8 , respectively. 

The printout shown in Figure A. 7 (c) is generated by 
program LRCDM2 for steps 4 through 6 of the stepwise procedure 
described in Section A. 4 of this appendix. Because optional 
step 3a is exercised, the output for step 4 opens with the 
force and moment coefficients accumulated up to the tail 
section. This means that the afterbody loads calculated with 
companion program BDYSHD are added to the accumulated force 
and moment coefficients for the forebody and canard section. 
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example , the force coefficients calculated with Bernoulli 
pressures and acting in the Zg-direction, CZB, as it appears 
in the list at the beginning of step 4 is obtained as follows. 


CZB 


step 


3 


6.026 


+ 


CZ 


CZB 


step 3a = °- 40995 

up to tail = 6 ' 436 
section 


For this sample case, the output for step 4 (and step 6) is 
concerned with the tail section only since the afterbody is 
treated by companion program BDYSHD in step 3a. In step 4, 

144 sets of control point coordinates are written onto TAPE4 
for use in step 5. Coordinates XCP , YCP , and ZCP are expressed 
in the rolled body coordinate system x Q , y B , and z , and they 
are associated with the control points of the constant u- 
velocity panels on the four tail fins and the interference 
shell. The total number, NWBP, of panels in the tail section 
is given by 


NWBP = NCW (MSWR+MSWL+MSWU+MSWD) 

+ NCWB(NBDCR) 

= 4 (6+6+6+6) + 4 (12) 

= 144 

where NCW,MSWR etc. are listed earlier in this section. The 
fin loading results printed in the remaining output for 
step 4 are calculated without the effects of canard-section 
and afterbody vorticity. Therefore, this calculation is for 
a set of tail fins mounted on a body with no flow asymmetry 
other than the fact that the roll angle is set equal to 0.001 as 
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described earlier in this section. Thus, the fin loads are 
symmetric left to right and the vertical fin loads are near 
zero. Rolling moment coefficient for the tail fins, CLL, is 
near zero. None of these loadings are added to the accumulated 
force and moment coefficients. 

In step 5, the effects at points on the tail section due 
to the vortex field transferred from step 3a (program BDYSHD) are 
calculated and printed by module VPATH2. In this instance, the 
paths of the vortices through the tail section are made to lie 
parallel to the body centerline. This is accomplished by 
setting NIP=1 and XBEGIN=XEND=8 0 . 73 in the input to step 5 
[last portion of input shown in Figure A. 5 (a)]. The list of 
lateral vortex coordinates and vortex strengths at X=80.73 is 
the same as the list printed at the end of step 3a, Figure A. 7(b) . 

In order to enlighten the program user, the vortex 
strengths and vortex numbers are given below together with 
the source of each vortex. 


Vortex GAMMA/VINF 

1 0.86923 

2 -3.1134 

3 0.021299 

4 -0.0058798 

5 3.3798 

6 -2.2259 

7 -0.093338 

8 -0.16236 


Source 


Afterbody J 

> centroid representation 
Afterbody J 

Right horizontal canard side edge 
Left horizontal canard side edge 
Right horizontal canard trailing edge 
Left horizontal canard trailing edge 
Upper vertical canard trailing edge 
Lower vertical canard trailing edge 
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The next pages show the perturbation velocity components 
V and W (along y B - and Zg-directions) induced by the set of 
vortices at the 144 control points on the interference shell 
and tail fins of the tail section. They are stored on TAPE 7 
for use in the final step 6 . Note that the magnitude of the 
velocity components never exceeds 0.35, the default input 
value . 

In step 6, program LRCDM2 computes the tail section loads 
including the effects of canard and afterbody vortices. The 
vortex-induced velocity components are printed under the 
heading "POINT COORDINATES AND PERTURBATION VELOCITIES 
CALCULATED BY PROGRAM VPATH2 . " They are the same as the ones 
printed at the end of step 5 . 

The calculated pressures and loads acting on the tail 
fins are now affected by the asymmetric vortex field. Con- 
sequently, in contrast with the results of step 4 the fin loads 
are no longer symmetric left to right, and the vertical fins 
now show nonzero loading. The basic tail— section rolling— moment 
coefficient, CLL, based on Bernoulli pressures is listed as 
-0.12915. In accordance with the description of output. 

Section A. 8, the contributions due to tail-fin leading- and/or 
side-edge normal-force augmentations calculated on the basis 
°f linear pressure loading must be added. In this case, the 
ta ff~ff n leading edge is supersonic (as printed on the fin 
loading information page) , and only the side edges add 
appreciable contributions. They are printed under the spanwise 
distributions of the linear pressure loads. The total rolling 
moment acting on the tail section including fin side-edge 
effects is obtained as follows. 
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CLLl = -0.12915 basic rolling moment coefficient 

Bernoulli for four fins 


CLLADD 


CLLADD 


j = -0.84428 appreciable contribution 

1 right fin S.E. 

I „ . = 0.93415 appreciable contribution 

'left fin S.E. 


CLLADD 'upper fin S.E. = -°- 00447 


CLLADD | i ower fin S.E. = °*° <n0t P rinted > 


total, fin tail 
section 


-0.04375 


The loads acting on the portion of body next to the fins 
is then printed. These loads include fin— lift carryover. Since 
the bodies are assumed circular in LRCDM2 , no additional rolling 
moment is generated. 

Finally, the overall force and moment coefficients acting 
on the entire configuration are listed. As stated earlier at 
the conclusion of Section A. 8, the Bernoulli-pressure based 
results are considered most valid at least up to Mach 
number 2.5 or thereabouts. As an example, the tail-section 
rolling-moment coefficient calculated above (CLL=-0 . 04375) is 
added to the rolling moment coefficient listed at the beginning 
of step 4 (CLL=-1 .1351) to give the listed overall value of 
-1.394. The other force and moment coefficients are added in 
the same manner. This concludes the output for the sample 
case. The calculated results are indicated by the flagged solid 
squares in Figures 5(a) and 5(b) of this report. 
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Figure A.I.- Subroutine calling sequence of program LRCDM2 

including module VPATH2 . 

(pages 90 through 94) 
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Figure A. 2.- Common Block cross reference map 
for program LRCDM2 . 

(pages 96 through 99) 
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Figure A. 3.- Subroutine cross reference map for program LRCDM2 . 

(pages 102 through 107) 
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SIN 

SOURCE 

SPECLO 
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Forebody vortices 
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Figure A. 4.- General axisymmetric body - cruciform forward fins - cruciform 
tail fin configuration at included angle of attack a c and roll 

angle <J> showing vortex field. 



Figure A. 5.- Input for TF-4 with king tails, roll control. 

(pages 112 through 113) 


• FOLDING FAGS B&ANX NCXT FfL'ME 


1ED 


A-lll 





QS POOR 


1 3 

1 

15.0 

1 

0.001 

NASA/LRC TF-4 WITH KING TAIL# FOPEBODY AND CANAPD SECTION (POLL CONTROL ) 
SINPUT 

CRP»11.13,CRPV.11.13# SWLfP-47.1# SWLFV* A7 • 1# B2-7.23# B2V-7.23# 

DELP-5.0# DELL--5.0# 

RA-2.115#R3*2.115# 

NOLINP-1# NDRAP-1# NCPX»1# NBDYPP-1, 

F*ACH«2.5# 

SREF-14.12# PEFL-4.23# NCPOUT-1# 

XM-46.Q4# XWLE-15.3# 

NCW-4# NSWP-6# N S WL ■ 6 # H$VU«6# *SW0-6# 

NCWB-4# NPDCP-12# BIL-11.13# 

NBSHED-1# 

SEND 

SBODY 

NXBODY-50# LN0SE-9.51B# L BODY-1 02 .3 2# BCODt-2# 

SFND 

TRACK BODY N05* V0RTICE C OVER CANARD SECTION# TF-4# KING TAIL 
10 110 0 

26.93 
2 .115 

0.001 C.35 

1 

15.6 15.6 

0 

NASA/LRC TF-4 WITH KING TAIL# A F T FR ROD Y AND TAIL S F r TI ON 
SINPUT 

CRP-21.59# CPPV-21.59# SWLFP-45.0# S WL F V“ 4 5 • 0# B2-9.04, R2V.9.04# 

NCW-4# MSVR-6# M5VL-6# NSWU-6# NSWD-6, 

RA-2.115# RB-2.115# 

NCWP-4, NBDCR-12# RIL-21.59# 

NOLINP-1# NDRAG-1# NCRX»1# 

FHACH-2. 5#NBSHF0«1# 

SPEF-14.12# PF^L»4.23# 

NBDYPR-1# NCPOUT-1# ITAIL-1# 

XM»46.04# XWLE*R0.73, X$ T AR T- 80. 73# 

SEND 

TRACK VORTICES ALONG AFTERBODY AND TAIL S c CTION# TF-4, KING TAIL 

10 110 0 

102.32 

2.115 

0.001 0.35 

1 

80.73 80.73 

END 


(a) Steps 1-3 and steps 4-6 for later use 


A-112 




0 

2 

0 1 
0 1 

1 o 

1 3 

0 1 
1 0 

2 16 0 

0 0 

VORTEX CHARACTERISTICS 

AT CANARD 

T.F. 


TF-4 

WITH KING 

TAILS ALPHA«15.0 

PHI-0.001 M AC w -2 


14.12 

4.23 

46.04 

102.32 

4.23 


15.0 

0.001 

277000. 

1.0 

2.5 


26.93 

60.73 

2.115 

1.05 

0.0 1.0 

0.25 

0.1 

1 

26.0 

2.115 

0.0 

c.o 

0.0 

0.0 

0.0 


26.93 

3 5.39 

43. 95 

52.31 

60.77 69.23 

77.69 

0.0 

SBODY 

0.0 

0.0 

0. 0 

0.0 



NXB0DY.50> LNT$E-1*.8, LB0DY-102 .32 > BCOOE-2 p 

SEND 


(b) Step 3a, input for program BDYSHD 


4 6 

1 

15.0 

1 

0.001 


(c) Remaining input for steps 4-6 
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BACKLOG 


1) 


0 


0 


0 CPU-HRS 


NASA/AMES F L 7600. SCOPE 2.1.5 533 < 12/17/82 ) 12/30/82 

SYS DEVICES 844/ 8/PF 819/ 2/ FLS=200K FLL=1750K MXS=160K 


82364 

HXL=1200K Mx B = 1 357B 


HH.MM.SS CPU SECOND ORIGIN 
08. 05.57. APS. YU 

08.05.41 00000.007 ARC. 

08.05.42 00000.014 USR. 
08.05.44 00000.097 JOB. 

08.06.48 00000.103 ARC. 

08.06.49 00000.115 ARC. 
08.06.49 00000.120 JOB. 

08.06.49 00000.121 ARC. 

08.06.50 00000.125 ARC. 
08.06.50 00000.126 JOB. 
08.06.50 00000.126 ARC. 
08.06.50 00000.131 ARC. 
08.06.50 00000.131 LOD. 
08.06.50 00000.139 ARC. 
08.07.59 00001.291 ARC. 
08.07.59 00001.294 ARC. 
08.07.59 00001.294 USR. 

06.08.46 00025.881 USR. 

08.08.46 00025.881 USR. 
08.08.46 00025.881 USR. 
08.08.46 00025.882 LOD. 
08.08.46 00025.889 ARC. 
08.08.48 00026.555 ARC. 
08.08.48 00026.557 ARC. 
08.08.48 00026.558 USR. 
08.09.04 00038.669 USR. 
08.09.04 00038.669 USR. 
08.09.04 00038.670 USR. 
08.09.04 00038.670 LOD. 
08.09.06 00039.823 ARC. 
08.09.06 00039.826 ARC. 
08.09.06 00039.026 USR. 
08.09.38 00066.930 USR. 
08.09.38 00066.930 USR. 
08.09.38 00066.931 USR. 

08.09.38 00066.931 JOB. 

08.09.39 00066.938 ARC. 

08.09.39 00066.939 ARC. 
08.09.39 00066.939 ARC. 
08.09.39 00066.939 ARC. 
00.09.39 00066.939 ARC. 
08.09.39 00066.940 ARC. 
08.09.39 00066.940 ARC. 
08.09.39 00066.940 ARC. 
00.09.39 00066.940 ARC. 
08.09.39 00066.940 ARC. 
08.09.39 00066.941 ARC. 
08.09.39 00066.941 ARC. 
08.09.39 00066.941 ARC. 
08.09.39 00066.942 ARC. 
08.09.39 00066.942 ARC. 
08.09.39 00066.942 ARC. 
08.09.39 00066.942 ARC. 
08.09.39 00066.942 ARC. 
08.09.39 00066.942 ARC. 
08.09.39 00066.943 ARC. 
08.09.39 00066.943 ARC. 


NASA - AMES - CF 500-3 11/21/82 

-COMBO *T 150 *YD1*YL1*PN. 

ACCOUNT * RKRGDK *R0722C3. 

-MOUNT * VSN*D0075CfSN=RKRGDK 1 . 

RP320 - EST 16 ASSIGNED 
RP570 - VSN D0075C OF SET RKRGDK 1 MOUNTED 
-ATTACH, 8LRCDM* ID=KLENKE *SN=RKRGDK 1 . 

PF053 - LFN IS BLRCDM 

PF254 - CYCLE 9 ATTACHED FROM SN=RKRGD*1 
-ATTACH, BBDYSHD* ID=KLENKE * SN=RKRGDK i . 

PF 053 - LFN IS BBDYSHD 

P?254 - CYCLE 10 ATTACHED FROM SN=RKRG0K1 
-BLRCDM, PL *99999, 

RP727 - VSN D0075C OF SET RKRGDK 1 MOUNTED 
LD610 - FLS REQUIRED TO LOAO - 0032663 Ou,COG 
L0603 - EXECUTION INITIATED OS. EXP 
FORTRAN LIBRARY 528 11/04/RJ 

STOP 

156400 FINAL EXECUTION FL. 

24.506 CP SECONDS EXECUTION TIME. J 

-BBDYSHDf PL =99999. ^ 

RP727 - VSN D0075C OF SET RKRGDK 1 MOUNTED 
LD610 - FLS REQUIRED TO LOAD - 0024200 OU.COG 
L06Q3 - EXECUTION INITIATED OS. EXP 
FORTRAN LIBRARY 528 11/04/81 

STOP 

101600 FINAL EXECUTION FL. 

12.110 CP SECONDS EXECUTION TIME. 

-BLRCDM. PL=99999. 

LD610 - FLS REQUIRED TO LOAO - 0032663 Ou.COG 
LD603 - EXECUTION INITIATED OS.EXP 
FORTRAN LIBRARY 528 11/04/81 

STOP 

156400 FINAL EXECUTION FL. 

27.102 CP SECONOS EXECUTION TIME. 


-Ex I T ,U 
JH166 
JM167 
JM170 
RM770 
RM771 
PM 772 


run steps 1-3 
(LRCDM2) 


run step 3a 
(BDYSHD) 


run steps 4-6 
(LRCDM2) 


MAXIMUM USER SCM 
MAXIMUM USER LCM 
MAXIMUM JSMO LCM 
MAXIMUM ACTIVE FILES 
OPEN/CLOSE CALLS 
DATA TRANSFER CALLS 
PM773 - CONTRUL/POSIT IONING CALLS 
RM774 - BM DATA TRANSFER CALLS 
RM775 - BM CONTROL/POSITIONING CALLS 
RM776 - QUEUE MANAGER CALLS 


RM777 - RECALL 

CALLS 


SCM 

3 415.385 

KWS 

LCM 

4 192.203 

KWS 

I/O 

0.155 

MW 

RMS 

5.953 

MWS 

USER 

62.999 

SEC 

JOB 

66.944 

SEC 

DIO 

460.938 

KW 

MAXS=0160K MAXL=0230K MAXB= 

04 7 OB 

.97 PRIORITY N ACCOUNTING Ub 
SC050 - 000352 SC/LC SWAPS 


J 

1 56400B WORDS 
230000B WORDS 
240B BUFFERS 

7 

06 

10*609 
49 
1*151 
165 
207 
174 


S15.52 


Figure A. 6 


Typical job control language for use of program 
LRCDM2 with companion program BDYSHD . 
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I 


(a) Steps 1-3, program LRCDM2 

Figure A. 7.- Sample case output for TF-4 with king 
tails, roll control. 

(pages 118 through 168) 
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STEP 1 L0AP5 ON FORWARD FINS WITHOUT EFFECTS OF NOSE VORTICES 
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NBDYPW - 1 « I SWTEP 


TIN SECTION GEOMETRY DESCRIPTION 


NO . OF CHORDWISE PANELS ON FINS PRESENT <NCW> = 4 


FIN PROPERTY FIN 1 OR 

NO. OF PANELS - SPANWISE (MSW) * 6 

ROOT CHORD (C«) * 11.130 

LEADING EDGE SWEEP (SWLE) * 47.100 

TRAILING EDGE SWEEP (SWTE) = 0.000 

EXPOSED SEMISPAN (B2) « 7.230 

FIN DIHEDRAL (PMIF) = 0.000 

BODY ANGLE OF FIN ATTACHMENT (THET) r 0.000 

FIN DEFLECTION (DEL) * 5.000 

Y- INTERSECT ION OF FIN TO 0OOY(YBOO) * 2.115 

Z- INTERSECT ION OF FIN TO 0ODY(7BOD) * 0.000 


FIN 2 OR L 

FIN 3 OR U 

FIN 4 OR 

6 

6 

6 

11.130 

11.130 

11*130 

47.100 

47.100 

47.100 

0.000 

0.000 

0.000 

7.230 

7.230 

7.230 

0.000 

90.000 

90.000 

0.000 

90.000 

90.000 

-5.000 

0.000 

0.000 

-2.115 

-.000 

• 000 

-.000 

2.115 

-2.115 


FIN GEOMETRY 


TIP CHORD 
ROOT CHORD 
FIN SEMISPAN = 

LEAOING EDGE SWFEP 
TRAILING EDGE sweep 


3.34959 

11.13000 

7.23000 

47.10000 OEGREES 
0.00000 DEGREES 


mach 


FLOW CONDITIONS 

2.50000 ALPHAC= 15.00000 PHI 


.00100 


ALFA * 


15.00000 


BETA 


CRPT = 11.13000 

CRPTV = 11.13000 


.00026 
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CONTROL POINTS WRITTEN ON T APE* FROM SUBROUTINE DEMON2 
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PRESSURE COEFFICIENTS at points on body meridians 
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CUMULATIVE 800Y LOADS TO THIS STATION 
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CONTROL POINT COORDINATES FOR BIP*S (FIN FRAME) 
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STEM 3 loads on forward fins with effects of nose vortices 
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** SPECPR •• 

VELOCITIES AND BERNOULLI PRESSURES AT CONTROL POINTS IMMEDIATELY ABOVE AND BELOW FIN SURFACE **♦ STEP 
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unrolled rody-axis coordinates fixed or rolled body-axis coordinates 
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CUMULATIVE BODY LOADS TO THIS STATION 
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(b) Step 3a, program BDYSHD 
Figure A. 7.- Continued. 

(pages 170 through 210) 
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TF-A AFTERBODY WITH SPECIFIED CANARD VORTICES 
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INITIAL FORCE AND MOMENT COEFFICIENT 


I 


o o o o o o 
O o o © o o o 
UJ o o © © o © 
X © © ® © o o 
in © © © © © © 

X •••»•» 
© © © © © © 


© © © 
© © O' 
© «£> © 

0 O' 

© © O' 
* • • 

1 ■* rn 

l 


© © © © © © 
O O O' O' © © 
in in n n o c 

* -t <\j © © 

v O 1 it © © 

O' O' V f- I 

I I 


> O C O C <1 -c 

\ ft cr n O' n r 

< *+ it c* sr i*i rvj 

X rvj © r^- nu O' >c 

x © © n rvj © ^ 

<•*•••« 

o t r> <\i i i 

i 


o ji o 

& >e © 

r- O' o 
O' ® © 
rsi if <\j © 


r> 

* © 

rvj ♦ 

© UJ 

♦ <\J 

uj r> 

® rvj 

* i/> © 



ii m ii n 


vo uj v uj 

co t/» c o 

- 2 O C C 

3D X 2 a u 

* 2 _j _i cr 


z 

o 


o 

CD 


cr 

»- 

to 

o 


A-171 


PHYSICAL DIMENSION? OF B"DY AND L IMF SINGULARITY c TprNGTH c R f •» P F ^ENT y »G THE BDD Y AT M AO H* ? t *iO 00 A L F AC ■ 15.0000 

Y R DR /O y TV TU) TC < I ) 

1 0.0000 -. 1 A? 11 C - 1 T . 272^1 . 125 DTF -13 . 74 , 511^-01 . 27 D 24 E -01 




r tvfvfs_fs,c\«cvfN.fffv»\jr.«vfr, <t rr r r n- it it tr it r i h i 4 : r- r~ r r ^ 

ccc cccc c c ccceoeeoooooc'ooooocooccoc-oc'oo^eoocoec e c 

l l I l l t l I I l l t i I I I I l l I I I I I I I l l l I l • l l | l l • l i I i l l | I it 

'.I ID l-L J LL III lM III 111 Ml L^-I 111 Li_J 111 U_l lD .11 LLt LL' IU 111 IJ I LLI 111 l| >11 i-Ll Li-! LAj LLI ill U > LLI LLI 1)1 HI Li_l LL II. LLI i ^ 111 Ijl H. HI I. I II i i i in 

if\p- ci f a 0 'r^ajOfno<vrofn^c 7 “f r »^r , ^ 0 ‘ 0 '»-*-if-HmcMoOf^^-ifnr»fs(CT oOumaoxs^ r- c\j^- 

o o n « ru\j a ,» o 

fti^mc£rg»^(c(\js 43 ^<\j 4 -Mh-( 7 'io®MNoO'i ^or**^f- 4 r-c\j^’ l c<sj«C' 4 'OPirvo , cvia>'-»coaDcr ir <\j 

^ino^(tiM 3 (Nj^(\J 4 'rtHfn 0 Oi r i 0 Ha?fl:r\j^^i\JONN(<i^ir>(\JO^' 0 ^iAO 4 ' 4 -O'fONS o- m 

«r < -t »r ^ -x r\j C 7 h h h h r- in rn cm o.-immmmrsjfMf-i.-io < <xi 


I I I I l t I I I I I I I I I I I I I I I I I I I I I l I o 


ir-o <<<<<!<<,£ < < 

OOOOCCOOOCOC OOOOOCOOOOOOOOOOC oooooooc.ooocooc.oc o © 

I I I I I I I I I I I I I I I I ( I I I I I I I I I I « I I I I I I I I I I I I I I I I I I II 

U U LL LL LL U UJ U UJ U IL IL lli LL |L >L L Uj U LLI U U U LLI LL U. LL U LL UML Ul U U.LL LL U 1 LL Lili LL LL U LL Uj L LL U 

crra ^<<aor-n , >o<f«‘ 0 < , oQ‘*f‘r' 0 'fnr*~ctC 7 , »-<<oo*^<M^-«rr k Cjonco<-< , h'if' 4 r. 4 or a <c 

t^rvma <■ <*. ir\<ripC(Mp'OS-ca o-^f^rvjr— o<occ? 4 ; r*' < < .-< ,-1 a o-irirr-f'-or-r- c ri h 4 (? c 

ir<rvirr-tva'ao<orsj^^»^r(T<^-ic\ 0 ( 7 > *»’^-r-Lru»\j£r!r-»rr)<ocOu>c<ir'F-Lr-*fv<^-tir'>r<eDa^Lr o a 

f-o <r <r* r > 0 tr^<»-i*-i<-cr , ‘ecffh‘«-tr“O‘Or*'<x.j-f-'O‘rL«rf^ar<rjflririr , ’^Lr>»-'OC<^ir'O<“C < m 

P*" r-< t-« ^ t" 4 H H Pu o < r IT <* WMHr^HIEhLf ^rr<T(\)r v ^-t^-<»-«^-O' 0 rr" < If < rr fr> n“ f\. r. 


I I I I I I I c 


r*tu'*rsC—‘<xO‘T' < rv 

u r<>L-J-cr: a<rc?o«-i<v 

f- o . it, *—* a. h- . • . « • 

a • • • • . • n m a c 

• H ^ N c? P-I H iH H (\l 


Off 4 “ IT r r-l !? p IT 4 (\J C IT 
o «■ h 4 ) 1 L , i'J , (\.'HOPCCN it 
fr>r~<'L''<r^ or cr O c ►- rv n* 


«\j<<«Ccv<< 0 L f-rr if r- 
(vj(M(vromfor»'wrnj -4 ^ ,i- 


c 4 o P if r f-c« ^ 

■1 r (\j h o acp- < If ^ M H 

<ir<r^r- ccjp or^wr <» 


a nwif 0 *-1 <■ < a c <v 

<-iTLLfiirifNir- 04343 <ir^»^ 


♦ r 1 CIPP tfp'r'O r^j- 

OacD 4 >r 4 mMC o a: r- 

iriir < r- a a o r-< r\ p r ^ 


^<ffC^vt^O .— r-i/ r- 
N S s C C K 0 CC(T O O' O 



*“« <-< ircr «J OCOOOOOOOCOO^OOOOOOOOOOOOOOOOOOOOOOOOOC OOO 

fv . 1 fw mt-»irLrNrrirLr>mifN|^irirLirLirLirir. inioirmirNirNirtirLiniriiririiririirmirtrirLrNiriiri^LriiriirNLrvir tr ir- if 
cr a kf'ITif^ IMOHHHHHHHHHHHHi-frlHHHrlHHHHHHHHHHHrtHHHrlHHHHH 

<\. f- O tt Oi-ir^HHdHHHHrlHHflHHHHHHHHHHHHHHWHHHHHrlHHHHWfH ' 

t •*••«• • • 

• •^ r ^^cv(\jfvjr\jfviPc<voj<\ji\J»\j<\jfvjPD<vjro«sif\jr^c\jfNjrvirjrvifvj<VJCVJ»vf'JfV;«\JfVf\j<v<NjfvrvtV’fv.fVP^ r\j cv c. 


MnifiNepOH^iroff Onn 4 
c.^^fuOffMrri-ia <r (vox 

ffNCr 4 MriOCPI 1 4 )ir^cnWrtO 

O .-I (\J <r < lf'^p-NCD?OHNft »44 


N 4 CffON 441 flfOMfLN<Pi-(miP 

^HHHHNCVJLVJNCVjnmrt 


<y*- 4 fo<-<QDc>i-ifsj>r<r- 0 ' h n 4 
^lf IflHffNif 4 (VO« < <■ m ^ cr 

0 Df'“C<nmpjHOCMC 4 )ift>rm^o 

iri 4 IMCROHI\iNn 4 iP<CNa)<P 


r- (Pi-mir®oN , «rocofy>r 4 )(t 
(p»ri 4 ’^'f'# , iftUMfMfnr 04 ) 4 )' 0 <o 


<OM)>OW 4 -inMPCWM|f f-ffo 
f^iTL^rooo- <'r<\i*-»cy r-ir who 

O' OvN'OirWMHOffS'Clf t*" f\l 

POHMri'J'^ 4 )Nf > ‘®CP C •“* (\| 


0 mu>r‘< 7 *“*mir\f- 0 '*-* r ^< * o m 
s^^r-^flDrBcc®ao'C f O' o © 


^m<-ir\or^aDO‘o>H(Viff)<-^«r^c;90^r4m<ffff\4}r^«0'0^4rwm<'irk4>r^co > ow(vi«n<-ir<r^ a. cr o 
HHHHHHHHHHNMrJMM(MM«VMCVjmmMPlinnn(nW«n 44 ’ 4 ''l' 4 ' 44 'f *#<•!<> 


A-172 


BODY SURMCF PPF$S"PE HI «TP TMJTinN 

X R OR/^X M 

?fc.O30r> 0,0000 2#5COO 


I 


I 


NBmiNj^moDiftNSOcDo^c? 

m / in y nn««<04A« ■tnho 
ooooooooooooooo 


o 


o ® ;D ro o t if\ (\J N N 

**^cy'OOaD*r>^<< 3 — 4 r*rMa>*f^(MO^cyo^‘OO’Hm»r*h*O'*' 0 Dfn 
l-« .T »Ti tf> « 4 " >T »rWmNhJrlHHHOOOOHrtHH«HNNW(*l 
- - OOOOOOOOOOOOOOOOOOOOOOOOOO 


O C a-ir-rH^)^-tr-<\jCCUAc\jo 
a 4 1 m IT <T ^ <fr. rtWWH HHH 
OOOOOOOOOOOOOOO 


SMH^OBBNO-firCMNh 

O'affO'OCrtnrNo^com 

OOOOHHHHHHIVNNri 

oooooooooooooo 


CNjoc^rj^fncDiPfSif-O 1 ® cr «» O 
^ O tr (^rumm^ioO'Oor-fr 

OOOOOOOOOOOOOOO 


c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


o 

r> 

o 

o 

o 

o 

c 

o 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

c 

o 

c 

o 

o 

o 

c 

o 

c 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

o 

c 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

c 

o 

c 

o 



• 

• 


m 

* 

• 

• 

• 

• 


m 

• 

• 

• 


• 

• 

* 

• 

• 

• 

m 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 

• 

• 

* 


• 

• 

c 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

c 

e 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

o 

cr 

o 

c 

o 

o 


— r'a^rvCrracr'' 4^^oir>cc«Lrr<HCCif <■ O *-i •-• © »rv 
in «r» ir* «n < ^mmNNHHHHOOOO'H^^^HHNNWin<r 

Q .00000000000000000000000000000 



O (*M\J H 

«^om 
in «o B 

o o o o 


c o <? 

oc o o i^- — « m 

B ^ >o m 

o o o o o o 


If' IT O 
(*1HN 

«r m 
o o o 


c 

m 

o 

o 


OHirMC^^O'rtDOiC 

>^)IA'rMNO[MH®<T| 

'N.moivmr-ooij^-ir. r- 
»- o C o O C HHH HH 


OOmNO^P fiONH 
<Mrnoirin«hNr-c 

rtr^MMvilVMIVJIVJfvJIM 


^H4'ONH0DM«fmO 
hhooo 1 ao ^ in ro o 
(M IVl l\i IN. M H H H H O 


fnrg®momBinMn«j 

in®Or-iiM^o»-nT)^fn 

^noNina?H»i®H^ 

OOOOOOhHHIV^ 

***11111111 


oo^'J-r^a-rjam^mfs ir ir o 
>irpiHCwoBOOHf-or. a 
■>.oc.c*-'«v**«^^oTv>rirr-a 
3 oeOOCOOOr4i->«~f4*-«’-' 

r r 


ff c o r- »c m p k h o o f' o -o 

C 7 -ccrn'C* , ^'C»M’£ocic»T •£ r- r- 
© oi-h»- ‘t - *^ 00" a: r- m n“»-i 
w* n. rv i\' nj *v Ck. fv »-4 r-i «-* »-h p - 1 >-^ 


erO»r.|^f^f-<rn«o«rr-^«vj^ir 
* it < wo* p- ^^i^^r-'f’oora 
o r^tf>n'woccoo»-r' >ca ,- 
cooocooocecooo^ 

ill 


oo-J-ccor- 
>-f>4 »-in 

V r- C MT N 
> O o O O C 


^ r If fv^fr. Cf-^U'iOtr. 
i\j r- r- »r ^Hirror^a a 
PO«-*€s cv nHCffSirrr- 
0 ^-<— , l-‘»-r- f -.|-'OC OC O 


C«VCIVl<Vlir'£,r , -l\immm 

oo-o vcriot^Hiroor t-i 
C ^ (T !f h t r H H IV H H 
0©COO©*^*-i»-i*-«-I*-» 


irccvxr^r-oC'afT', »-i * « 
o rn n P- O' O IV W h MT „■ r 
© a •- , 

COCOOOOO<--*-‘*^'*-<f^ 


» 


I I I I I I I I I I I I 


minmNHOosiriifiHOc^ 
O ^ nT 4 ifdiff' fnmrr, injcviim 

:> p- p- f^r-r-r-r-p-r-r-r-r^r-r- 
’s.cacoiO'crPO'O'oaaao' 


^flDiArjO'OfnoP^'rojt^r-m 

MHHHOCOOO^ffOOtH) 

f-f'-f-p-r^r^p-r-^-i.o.e «c <o 
oo-oa^ocro *o opp o o 


m _t o a. r-^'ir‘ir»ninir>'Or^®cr 
CL®p-p«r*'P'NNP-NP- r- p- p- p- 

(7(M>a(M7affotM>affC o 




oooooocc 

<00000000 

>-00000000 


GOOOOOOO 

oooooooo 

oooooooo 


ooooooooo 

ooooooooo 

OOOOOOOOO 


ooooooooo 

ooooooooo 

OOOOOOOOO 


oooooooo 

oooooooo 

oooooooo 


o 

o 

o 


a oinomoiroir oir, cmoinoiriCif'OirOirOK'Oinoiroii'OirOinoiroroif'OinO 
r-i f* fv r- r - . -j- <iir.iAicsMcc ©©■0©*- < » , ’ lf '‘i r ' J rT»r'»‘'.«r.^irvtfNiC«0P w P , ~«' < * © © o C p- 


o o © a *r ctfruMinifHinff 
m r* i\jrvr--c*-«f^oifvcrTT'r»-m 
hOcc^k ^pir^atf^irO 
^hthcoo- a ©NC'tmivjoo 


m r- r- ^o©r s *P‘-r r 'f n ^ i*" © m 
p- inPiHOHiflir N or o iv m © 


wr oirjaaocoeo < * 

O<v«-ic>r-pgoof*‘irr'fsjc\jr-^c 
ISJ|Tfl)HB^(COHOff '#®< - 
«pso O'CCrtHHocro 1 




| | | | I O 1 -| t -l,_*,H_«,-l_<,-4.-«rMI\Jf\JfMfMfV!f\J-^— Ir-H 

I I I I I I I I I I I I I 


> 


oirr. ♦ 4 'emHmirNintoo 
O -4 hMTMTiMTHMrOMH'O 

O oc o < rv a mHinOfMnmH 

O h (" m N coiMPi^^Nta 


>r co , ooo^O‘ 4 -»<cinwiriir 
r- i\j tv r- »r r* iMNP-'O-'iMOino' 
rr ^ on O ' O CD ^ CO H IH |T| N ^ m 

o oo«- , *-i*-'000<> c ^^ ■«» f" 1 


HK'«^r^iT>nonn4<ocin 
iT'r^imrnp-r-'»' 0 'rP-p-r r 'fnp- 
Hr>^ivj^BoocB^cjO'ir 
iv,' o * p in it h o h r . if . P <c o 


o 


HHHHH HHHrl tVJ W 


(\J fVJ IV) IVI INJ »Hi— ♦ 


I I 




(OO'OrtlVlW^f'C^PP 


HMm^'ITBMO'O^Nn 
w m w m m in pun ip * ♦ ^ 


A-173 



ORIGINAL PAGE 13 
OF POOP QUALITY 


HHiftoi'JOO'T m# 
o-rNOHO<Mnom 
p-trurniri-cr-r-coO'iy 

oooooooooo 


I I I t I I I t I I 


«NOx»N©ftjrNom 

OOOOOOOOOO 


I I I I I I I I I I 


«rmr-«oo»Mrn^'>f>r 

oooooooooo 


l l l l 


HrMr 1 ONO‘ 0 <tm©*-HffireN^i(\ 4 -®NSHiro©OHO'^ 
o^r^OfHOCr irO©'CN«if'(\jccMr<iirmoNmOHHOif. o> 
pHCw©ir*<or^r*®Otf aa(M^oceoN'OiD«rHOOM<i 4 '«if 
ooooooooooc ooooooooooooooooooo 

r r • • * i r r r r i r r r r r r r r i* * * r r * * * * * * 


oooooooc ocoooooooooooooooooooo 
coocccoc oocooeocooocc ocooooooo 
oococooecc c ooooooecooococooooo 
oooooooc ocoooooooooooooooooooo 

COOOCOOCC ooooooooooc OOCOOOOOOC 


oi»i'A©n©a^oO 

-Hcj©,a"in.©*cr»r-aj 

oooooooooo 


I I I I I * t I I I 


IT O' r-‘r-«— <•— tf*- CCLn 
fsimmfvjor^roh-CT'rH 
®y0a>< X > flC |s.fw.^3ir»U> 

oooooooooo 


I I I I I I I I I I 


<rtvjrtOOi\jm^4in 

oooooooooo 


I I f I 


i-tl'j'CHUNOff 
c >t If' 'J ^ M fi O 

cv O' r tr\ rr, *r, or r 


I I I I I I I I 


-D oOirm 

a. O 7 c? a ® ® 
mm r ff. n r «« 


I I I I I I I 


HN ^ mo 4 O 

a o » <o» o ® 

r- r*~ its >r «\J cc 

(Oj m oo on on m rj 


I l I l I I I 


*moMno-cm 

N(\iMHHHCC 


I I I I I I I I 


c>fKN'f»nMfN'mffoinf ©oiroF-ir>o*o©®©o , ©*-io 
<v f- p-» tf ©. p- r- © o r c r <v trir o <v «-* s m a it r. c m ir\ m m 
if> & Mrinmir. kb O O(MKrmH 0 ur>r'#,^Hmirmr < OO 
h f- (\j n m m c- rr mmmmmrmcrmmwNKHH^ooOoOO 


hd cd r © pH r- a: c\. 

K'O -» if (VK c H 

<v c w p- c it if r 

f\M\: (ViNMhhh 


c m If, o 4 pin 
c s * o a o 
© m o © <r C 

r-f o c o o © •- 


I I I 


iinjOir, Ohio 
O hHCmnr *© 
mir « O f-t *\ r- *-* i 
HHHrglMWIMOJ 


I I I I I I I I 


4 HK K me C 
^ c K' m <\j a «c 

o cr f m c f m 

<v «-» p- »-< p-» o O 


I I I I I I I 


h m if k <v o©'CO > Mir©H^OffHmifiNC7'o^(Mmmm 
cd ct cd x o a p a ocooHHHWNNwmmmffrt'r^ ^ ^ < 4 - 

C'C'C'-f-t'O'CiKNM^KhKKKKKNKKKKKNKKKK 
0&<yv<?QOVO‘&0&&0'fJ&0'0'0&0 *3*000'000>0-0- 


oocoooccooc c ooooooooooc 0000000 
COOOOOOOOOO OOOOOOOOOOOOOOOOOOO 

oooocoocooooooocoooooooocooooc 

if o in o if. c iroinoifCif'Oifof o if O if OinomoifCinO 

HM<vmp-vr<irir>CfiNNCL ® ty o ©opH*-*Mi\i©>©'«r< 4 'ir>i/\iC 
r\tV;C'jiv<\i{\.cvr\jc\jcv.fvr.'<\j<\j<\Jr'or\J©©©©r r i©©©©rn©irr'© 


in N i*'* in i-mt cr >j- 
MOinifmKmm 
mrviO'in^ifNC^ 
k -c < m ^ O ec k 


i» r m c m m <f 
N K- «# C 'f K N 
< c a cn’£*f 
in m h o nm m 


^-a>irii-4iriU>rvji/\ 

mmsmaino<v 
ci- <? m h in cr com 
h* «■ o m m i# 'Oh- 


iCoc^ffOOO 

*-< o K- (V fj K- IT 

mnc vrx oh 
CD cr O O o pH © 


• 1 I I I I HHHHHHHHHPlJfVfJW 

I I I t I I I I I I I I I 


hit. mpuin*a.^aF 

mamopoH-cKMfvi 

HifiO«Vfn(*'H®>rir 

00 


OCOO'O'fO.iilfW 
KlfiK-IVfMNXHfVJO 
o pH o cr >r a rH © © cj 
ph pi ,-r o o O' o cd 


inifHiro-f^mmo 
*na-©fw©fnrwf^^>c? 
(yinHinaw^^Ko 
■* mMOa-KinmnO 


I I t t I I I I I 


pH I 

I I 


I I I I o 


^tf»-OKcaoHwm^m«K®eoHivj 
>f 'f -» + * >9 iririf>iriririr»r»ritfi'C«c^D 


m it k 

« « <0 « 


® a o 

c«s 


A-174 




4. BOO 




*— »-H l | | »-l »— l | ■ I— < ►— i ' I •“<*-* K- »-< »-< I 


, I- »- | | I ♦— | *_ 




•“* • *— * 1 I > *-H I M M H H I *“■ *-**-! *—. i t -**— 1 ^ | M *-c t-H I *_» *— < • I 




►-< *■* I *"* 


< «o o 

H • • 

JlfflO 
m +■ f* 
>■+ CO 


© m 

O 4 - 


kf\ m 

it rn 

V -C 


— . o 

o | 

CD Uu 


O <t 

o o 


o 

— I 

© U. 


CO 

o 

— I 

■M LU 

— o 

>- rw 

u m 


I 


VO O 

e. *r 


c 

u 

tt © 


<v 


*: ** 


I 


© 

o 

CO 


I 


c 

0 

<r 

« 

a 

1 


A-175 



INITIAL PCSTTIGNS ANO STRENGTHS OF VHRTICTTY At y • ?6.930 


ORIGINAL PAGE IS 
OE POOR QUALITY 


4 ,0 <r> r- ^ it* r«- r- 

C7- Mn^nmOB 04 

» <X> 

if* O <\J 4- IP -O J- *0 

o m 4 *v in o r-- o 

• •••»•• • 

•-« 4 4 n r oj H rl 


c o 

G ir\ 

o c 


4 4 r IT h CD 

>4 O QD *H 

ip c o m 4 

»— 43 rr rv f- cr 

H ff\ (Mf> 1*1 « 

*••••• 

a o r- r- 4 rr 


o r 
o r 
c o 


>C 4 fT o r- o 

-O ri 4 or 4 i 

W £ fr C MT 

C ir a 4 n a 

rv ^ ip r i 

»*.«*• 

*■* *— « -4 m 

I 


in ^ «o 
a. ir o 4 
g o c o 


o m s 

CL r- 0L «4 

(_) o o o 


o 4 cr m r- f\j 
od x m o 4 o 
4 ^ ip N ih tn 
P5, -IO 'O'O 
O' M (7 IP O o 

od a r- r- 1 

l I 


■ u o aro* 


a c r- 


a ir in f- tr a* 

IT O' O «\ C oc 

rv -4 r> O' 

• ••••• 
O rv p - ip C or 

o <c & <c v 

r-i rv (V h r 


g c c o c c 
o c c o c c 
c e o g c c 
c c c c c o 

O C G C C C 
• ••••• 

c c c o o <r 


04 no rr c 

42 r-t -4 OT 4 <4 
mOMip 
O if' a 42 r- od 

f- IV 4 iTl PT 4) 


>- If'' CD 

r- 4 

rH 4 


ff 4 a rnNN 

a. a. m o 4 G 

4 -« 4 N —1 if', 

m t ^ o sf 4 - 

D <v cr p c c 

• ••••• 
5 C O’ r- P- I 

I I 


; < cv M 
• eon 


o a: o o 4 4 D 
m or ir o nt m 
r jn d p m Pj 
rv o r- rv c> 4 ^ 
O e cr IV o w> 


• • 

I m rv 

I 


I 1 


—t tv m 4 m <c 


e g 
O D 


V V 
♦ I 


♦ IV m 4 in 4> -r 


A-176 


CN ( X ) CYfX) CPfO) r*>( 00 ) CP( 180 ) ( SEPARATION POINTS) 

1 . 046 E -02 - 5 . 363 E -02 2 . 561 F -03 -*, 075 F -02 1 . 373 E-C 2 

Y Z BETA 

CN CM C v CP CSL 1*060 1*030 1*9.9 

1.323F-0? -5.64AF-0? -8.06PF-02 3.*75E-0l -*.0*9F-17 -1.731 1*216 23**9 



0 ZIZ 7 . 86**1 2,24690 26.9 3000 i*:o,nQ 7 .86641 7 . 2*409 2.*0638 1 * 13777 
OOBQ 1 .* 079 * 2 . 1675 * 79 , 0* F 00 1 ^ 9. .60796 7 *l* 7 ro 7,31326 1 . 0937 * 
00220 * 70600 2 . 12*21 31.10000 101.027 .70686 2 . 17*21 2 . 2*253 1 .06030 


ORIGINAL PAGE IS 
OF POOR QUALITY 


4^ h ^ h M 

CM O O 4D o r» 

»r* r- o o *m o 

o a. o rr> o 

m po oo o rn 


cp 4 r- -4 P- 

m 4 ^ O 
ominoP 

444HN 
O <H H H O 


CD 4 CD C 


l CM t-1 


cd o cr o 4) p- 

O' UV f r (*1 H H 

o o p- o »r\ cv 

ec. a cm o © p- 

CM CM 0D ITN P- 

...... 

p -a cd r- its cm 


4 0ME4 

m<o<ccD 

P» CM CM P> (C 
H P 

CM 4 4 r pi 
..... 
CV CM CM CM CV 


p p r. p p h 
CCOIMC* MH 

o p o * 0-4 

-f * r- cr © cd 
H P 4 P 4 * 
...... 

CD 4- CV CM ICi CV 

I 


OC 4 fn 4 
mipNme 
cvcc o it e 

<D CD CD CM CM 

o w c * r. 
..... 
CV CM CM t-1 ** 


iftco«cri»H 

a <d ■& cd ip. i£ 
p- O cd cm 4 r- 
4 9 O CC IP ^ 
40»WN4 

...... 

«o C P P I 
I I 


4iftHO^ 
P- CD CM O O 
4J-OP~^P- 
CC CM O O cT» 
oo o m ir» x 


I I 


ircvooo-r 

r- -£ © CM -4 O 
«■»• -O f-> CD CD -4 
...... 

* C P» O P o 
H4 C 4P IT 

H Ck. r- CVl H CP 


r> h « r p- 
p ■ ir o P 
r 4 -c 4 ip 

«D CM CM CM -4 
OCHNr 
CM CM CM CM CM 


O O O C O C 
OOCC/OC- 

o o o o c o 
© c © c c c 
c c c o o c 

© © © c o c 


coco© 
© o e o c 
O IP O IP o 
PI 4 -t P C 
O o -H CM CD 


O CD 

-c o 

K ip P 


U hP'.rPp- 
30 © CM CD CM «-l 

o p ip iy 4 

O 4 H ® P) 

h ir 4 P 4 P 

...... 

CD 4 CM CM *»'' CM 

I 


C O -4 © -4 
ro ip p r a) 
cm x o m o 

CD CD CD CM CM 
O CM O P CD 
..... 
CM CM CM »- *-» 


► o o 

CD O 
0D «M 


ip Pt <C Pi o «-< 
a. pi f r ip a. 
P- O CD CM 4 P- 

4 c « ii r p 

4 O ® CD CM -4 

...... 

-C #■ P P I 

I I 


if PHC H 
P ID CM O O 

-c-or-^r- 
ffwoa p 
o a cd r cc 


| H H !-• 

I I 1 


► >I»>P 
p v 4 4 
PINO* 

4 PI IP 

m C O IP 


Ifl 4 4 O C 
>4 r- r- -CO- 
CD CD -O «n © 
cv •-> O C O 


O CE O O 4 -C 
P IT CD ff r CD 

«h tr> © trc cd cm 

CM O P- CM O -O 
O O CD CV C 
...... 

I CD CM I | 

I 


4 IT 43 P O C O n< CM CD 4 


P' ►' 
V ► 
c, o 
cr o 

CO £0 
> >- 


H P Cl H CM ffi 4 IP 


H CM CD 4 I 


A-177 



rhpy suRFAcr oor^<;nof r>i ctpi pi»TjnN 
x p np/nx 


a®3^0^U>OHPO»#NNfnift«rWCNJ^cnNOH l -IPN-rH©aMM^iON©®-Oif>«im«» 

->H(VlfOHOfn(\lONlf»(VJO-rOHNNHOOrt»^N®fnO'lf(H^NOOOOOH^lCmBHH 

HHrtHHOOOHrtfy)mm^^mioH'in^'f^«t(nrtl'4(\JHHrtOOOOOOOOOOrtHrt4 

— ooooooooooooooooooooooooooooooooooooooooooc 


I I I I I I I I I I I I I I I I I I I I I I I I I I I 


I I • I I I » 


k c <c u <vo^cL,-»*r-f\jr»m.-iOr-imr~»-«iroir» 0 ' 4 - 0 ‘cn«,f<w*)© i «rf*-CDa)co*;r-,£'Ca>r^mi^ 

ttUMMMr + <ftnm^^p*oooooooHHtvjNm«m«r<'if\(r<o<' 0 ^^«cfC<C'CO-cc^ 

UOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


k cmt «r 'O a if\rv^»-*r-<f\jrvrjor'O«\Jo»r' 0 Dccr- > 4 - *— ■ o m 10 <v a tv 

0 «rr*M«— co©*-«tvm.^<£>flre«v <r*c asocvr^ip^cf't^p- r^r-r-r-^or-a;« r- 0 DaH«j-rt^ 4 O 
■v ^ j vr < 4 «j r- r- a, a: r- c 

wcoococooooocoocooocoooeooeoooooooooocooooc^ 



a 

c 


•- --i r ocir-iriro^^cr«‘or^»~ir' 

I M nn hi 

-HHHHOOCHHM«fn^4 "T 
Q-000000000000000 


4 €*> fT. U; cv ■*»■ f»> C 
BCMnmON^ 

©OOOOOOO 


if O c f~ C O a O’NM'fftNacL in r a a. 
o-flw»ipo^NOooooH4e^SHa: 
f0f\Jf\J*H»-4r-IOOOOOOOOO O © 

oooooooooooooooooooo 


I I I I I I I I I I I I I I I I I I 


I I I I I I I 


OMccO'njpMAf)inNoOM\Jiri 
>m,or- t\jSrtxHf\jO'OaDOM 4 
NOnn^a. H(f,^oDOH(\)r^4 
♦— CCOCOr^r^r^*— f\J 


® m CD (\J M H W O 
mo^NCDODNi 

wnhoo » 
cv tv tv <v tv ru «-i *-< 


nnjir. o^ivmrvjWHnjH-j’nHtt m ro c m 
4 ’N 5 ‘OHifi«m<ronMi)HWOH® *o r- 

K >C 4 rwv o oc C(nHOH{\j4irnnftjfninH 

rH*— (^H^“OOOCOOOOOCOOOO 


I 


Oo^'f s 'f r <t'Cor- «c ** tv or c "0 >r 

> fO H m (T, f. (f r~ O If' C 4 tn <4 O’ O' 

v o c o h i\, j *c o —i < -c a © r-i tv. 

3 0©0©C000«-H.-r-«~‘tVf\ rv 


(^NaiV4Cr4if 

If ^ W S N 4 O-*- 
rr 1 . (ONHCPh 
<V rv <V «\j fv M H H 


I I I I t I 


^MTO'pajiroM' o tv o <c o- r- p- <* r or 
r a h r 4 ifr © tv o c- ir r* »- ir m ir ,o c 
u t<CVG©*Ci»4lVi«-f©©©©©©GC»*«tv*H 
H H r> h c ©OOOCOC COOCOOCC 


I 


till 


I 


I 


• o tv p r~ r tr, ^f^orrr^prfvjr-if 4 : a. m p- cmr-cc«ca.- 4 .-»CT -^i-itvc.— rHP-*-io tv o <r cv & «-■ 4 

tv > — 4 ; r- or^>j »-> n h r c r\j <)■ n sj m n ©© 0 ’«c*->'#» 4 <\r-(Dr-fvr\j«£ tv o o f< in r« tvi c- •>* .* c r 

•*-©«— H” 4 : <r o ^ 1 r^<r>J’*rr r ^-iocr «r «j- m o h r it <f r a anaDtrerr-irr' , '»-t©«->fV' 4 'ir'if^tvr^u~*- 

> © COOO^— <^i-i^H^4©OO0O0O©CCO0OOC0©© ©ooooooooo© 


I I I I I I I I I I I I I I I 111 

G 

tr 

o 

•fN 

• -j- 4 mt*w\jHO®f) 4 njoaDU'inoNinrjff OffHceimHONin 4 nc\iHCOOOO>HMmf 

r- c»^<^»-»'-Ht-t*-HF-»oG©ooO' 0 , 0 ’Oa/a.co^*^'f s ‘P k “«»o^otr» 4 >irtintf>tr>irkmiriif\m(rviftifN 4 f, « 

*v c o a o 000 o o o o o'o-ooo-aooo 


©ocoococcooooGooooocoooooooooooooococoooeco 

-dOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOCOOOOCO 

►-ooooooooo© © ©00 oooeoooooooooooooooc-oocoooooG 

u •••••••••••••«•••••• >••••*•••••••••••»••••• 

ac«'cir 0 in 0 ifi 0 ir 0 ircinoinoifo''' 0 inoirotf' 0 ircif 0 u' 0 if 0 if 0 incifcinc 

iLCM>oOHHMwnn 4 4 if ffi^MLOLtyaoCH 
HHHHHHHHHHHH^HHHHH>-lH(M^fv. 


OCOP’ 4 « , <CT(\Jlf iTHU'C 44 (»imOl , 1 ( , ' 44 ®lf l HIMr.Mf«S 4 ffffOOO(?P 4 ®i 
it p- tv tv p f h w o u t; (i-i n fi m r r s -«# 0 '»r^r^romf^r>a‘iro<v»-i»tr-fvf\jr-tf>p tv cv r- 4 j «- 
HOit 4 ®Hm(*>(\jo>ifHiriff(M 4 ^«:orfl 4 N(M<NHincNt f ipiH* 4 C'OHor 405 H<«' 
»-<«-»© ©c*©‘ecr-,c4rmf\jo®f''irr>,-iO.-«m»rir-®o<\jf*'#^r-a*0‘crooi-<f-<.-ioo(7‘©a: 

^fyjWMHHHH H rlHHH | | I | | O 

I I I I I I I I I I I I | 


O(f|(D 44 a,lfHinirifVJin^C 4 {M^ 000 aP 4 B 0 ir'Mlf ll'Hlf'O 44 «*lW 0 Wn 44 ®ir i 

o>rP'P-t ri r r r-mcy.«rNotvrH'Op^fvjrarw ir> r'tv<V)r->c^fvoirio ro^t*>r>p-r-<* , o>» r- m m r- 

O» i 4 M>lfiHiMrMtlfnW® 4 ®OHO® 4 «HfnnwaiftHlfi»N 4 C 0 DO 0 DC 4 N»iri 

CHt*'trr , -a:©Pwfr>.r*cr‘-oraa©o*-»«- 4 .-'OoaO‘aof‘-*C'*f^cvoa;t^if»t T >^G«"ir’mr'tt;o 

O HHHHH^HHHNtVJMVjNNMHHH^HHHHH t I I • I I •— 1 

I 


“>^-itVfn^m43r- o&oHNm^m^^nChOHMn^irchno o^Ntn^rioseo o *-h tv t« 

HHHHHHHHN»rft\JISJt\i(\JNWMIViM(\J«t)mWWt r 'n(nnmttt 444’4 


A-178 


2131 1.7325 215. COO .<>655 .0”6 .01*0 -.0260 -.0426 .1126 .0670 -.0457 


ORIGINAL' PAGE IS 

OF POOR QUALITY 


>0 ry o o n 

in in <0 3 N (O O 
O O O -H O O r-l 


O 33 m 
in in 4- 
*h cvi m 


«J o 
o 4* 
sr *r 


«o m r- 
^ in ^ 
^ < 1 * if 


Oift-trjOvOrtHONnmilMJ' 

iftinrtCMfliflN^f-KMONHH 

mNHaoo^-f mhohhhh 
•-H i-I~HOOOOOOOOOOO 


I I I I I I I I I I I I I I I I I I I I I I I I 


or ^ ^ hc ct ^ « >cr«#o o>o»f>moh-iMrv.i«sir^Orj^He\jf\jrrir-i^ 

vOir^roivrf^ScDOtTOCOOiCh -Cm^OM^^irinir, 
OOOOOCOOOOOO^-tr-ir-lOOOOOOOOOOOOOO 

i i i i i i i i 1 1 1 1 r i i i i 


if or o ro iti w r (M a ff- o <7 o©<M4a,r'C4ac©mmo»-*r'-Oinin 

a. rv m ^ ^ 

r'HHr'a-riM'r, 

php-^^OOOOC OOOOOOOOOOOOOeOOOOC'C 


r-tf c ir r r 4 c o itmt. c c «f c c a r- n od o a. r r mi 

o o C7 " it 4-4^incoaoroLn>omma;r\i44cocyrcr-.-irooco.-Hro 
inminooxr~xooo,-it-i*-H,-irH©o©aDh- i^j-whOhm-ih 

0000 0000«— Ir-trHOOOOOO OOOOOO 

1 I I I I I I I I I I I I I I I I I I I I I I I 


f- 

rv 

oc 

m 

a 

H 

n 

>D 

O' 

m 

4 

4- 

K 1 4 in N O If c 

4 

4> CO f- 

t-n 4 

M H 

CO 

Lf 

30 

oc 

m 

sC 

m 

o 

m 

O 

4- 

4 

H 

in m nj m 

in 

OHCMMH 

4 

cvi m 

p- r- 

cy 

m 

IT* 

a 

m 

r- 

fC 

cy 

m 

LC. 

n 

oc 

cr 

o 

c o o cr 

OJ 

r- in 

<M 

© r- 

rr 

cr 4 

cr 4 

H 

© 

c 

© 

*”* 


»v 

Cu 

m 

rr 

m 

rr. 

rr 

4 

4 4 4m 

rr 

re fr 

m 

rr co 

CO 

^ PH c C 

o © 

1 

I* 

1 

1 

1 

i 

r 

1 

I 

r 

r 

1 

1 1 1 1 

1 

r • 

l 

1 1 

1 

1 1 

1 1 

1 

1 


■£ O' 

—* 

Pv 

- 4 - 

0 

fV 

4 

H 

r 

4 

© 

© 

-f 

O 

r-> 

r~ 

in 

*4 

4 


4 * 

w y- 4 ^ rr 

rc 

© 

-r r 

IT 


4 

4 .' 

© 

r- 

14 

CM 

•4 

O 

O 

H 

r* 

a 

<v CO 

a 

«H 

CO 

m 

tr> 

ql «c c m 

r* 

rr 

n ^ 

o 

4 

C 

4 


>4 

>4 

OC 

O 

O 

c 

a 

r- 

m 

CO 

o 

*c 

r 

c 

in 


r- 4 M O 

o 

© 

C C 

H 

• 


CO 

IV 

r 

fr 

• 

fc, 

PC 

• 

fr 

rr 

m 

rc 

rc 

pc 

m 

rc 

IV 

. 

n 

*-H 

. 

*-* 

. 


o o c c 

• • • • 

o 

o 


i I 


«—c n c u o orr, ar-c(\jC7r-^'4acr-s»'<Mm*fr<~r-{\ja*-'fv 
t" c OCOin4rv.4< r Otn©in(rarrrrnr~4( f ‘rr4i4 ir> o- >o O >- 
4 r- t* c n i\ r' c o: rc o r«- c © © >n o r rc rc f« c N rcc h c 

oc c^^Hr-.r-oc'Ococr^n*-'*— ^r\ir ivrNfyHHCOOO 

i i i i i i r i r i i i r i r i i i 


r- O H^^arHfooa'fviinr-or in®ON«r 4 )®OHrvj(ti(»)>#-^ 

m m >l - 4 > oj r- r-r>h-&.a^<r^ij*<j‘ 0 ‘©oooo- 4 r-<.-».Hf-t.-i^ 

^ 4 4vC'4'sLvC4-^vC^>c4.4.4.^r-r-r-r-r-r^p--r-f>-r-f-r^ 

aao (j-a a o oooooooooooooooooooooo 


©co©o©c. ooocoocooococooooooooo 
ooooooooooooeoocoooocoooooooo 
©oc ooooooc ©ooooooooooooooooo© 

c r © m o if c in © ir o ir cir. oiroiroit'OinOK'. oiromo 
<vi n. rr. r'^-^mir'^iOr-^oDoc.aO'OO^'-'njtMmrn^^mir. «© 
*v rv rv ro rv cm cv rv rv rv iw rv rv rv co <v rc ci rc © rc i* rr m rc tr m rr rc 


tvif u, H^cr 44 -rf!ncmw^<rcirHinrwin«CB 4 ao o o 
©u ty r r- m r . r- r- 4 ©.* r-r^rcrcr-mcyo ocufi^nivrvr-in 
NCMf'Hinow^^fljop^^Mo-tr. ^ircMymmHr^cDOH 
4-f^woiMrr, •~'©*-»rcinna>oivrc4*P**®<y^o©«-H.~i 


I I I I I I I I I I I I I 


»n m <v m cl- ,4 
if C M H C ^ 
if CT ry m m h a 
C. 4 >C r- OC t» O 


a cy © o o a o 4 ® 4 ii''Mii'iif'Hif(E 4 <fnno 
(vcor-mncjcor->n.-jcookncrrrr-mrnr.r- 4 o 

cci— «-h *-i © o o- O’ ol r- 4. 4 mroca.r- 1 rm .-10 


<v tv tvi <m <m nj <\j 

t I I l I I I 


cH p. I I I* I o 
I I I 


4ifi4iM»?OHM«4tf\4iMiO'OHNW 

4-4 4 inir\inrir'0<C44 


4«nor-a>o fc o.~trum 
4 444 4 4 NNS N 


A-179 


9.600 


— <ON 


WON 
£E 4> 


O 

Q- 

Z 


o -* 

o o 

NOO 


o u> 
o ir> 
► off 
• • 
O — ' 


I I - - I - j I---- - I--- - - 


. H H | *—*—*—*-'►—■ 


I * « 

* 

* 

* 

c c 


. »_< t— | Mh t- MH | t-H *— t-» t~< *-H I *— « •— * *— ' *— I | *-H I— 


I H K K 


• *— i | H H *• *— 




c 
< c 
K O 


<■ o 

X c 

Q. O 


m 

4 *. O 

O I 

CD ID 
•-* O 
<- Cr 
o f** 

o • 


- t 

C u 


— I 

O U. 
w a 


— I 

X Of 


o 

— I 

X U- 

~ CM 

z o 


> cr 

o 


A-180 


STRATFQPD STpapatidn C R I T ! R I f! N ( L A M J MAk ) r f C ) . .02?* 5? 


ORIGINAL' PAGE T3 
OF POOR QUALITY 


o o 
e o 
o c 


o o 
o © 
o e 


© m 
O if' 

o © 


e 

at 


in 

O P» 

m 

c 

o 

p- 

in 

O 

m 

© 

O 

m 

m 

>o 4 r> 

r> 

csj p- x 

p- 

m o 

o 

pH 

r- 


a> 

vO 

>o 

m 

ph in 

4 

4 

o cn 

m 

<M 

rO 

CM 

or 

rn 

4 

CM 

m 

CD 

cn 

pH pH CT 

m 

(A C O 

r- 

f-H 

cn 

*4 

CM 

o 

P"> 

n» 

O 

o 

tr, 

cm O' m 

O 

CM 

pH •—< 

p- 

m 

CM 

•-H 

r*H 

o 

rH 

o 

o 

CM 

CM 

m h h 

o 

pH 

H rH 

cr 

4 

4 

■4 

cn 

pH 

rH 

pH 


rH 


PH P- pH 

pH 

in 

pH CD 

p> 

pH 

pH 


in 

o 

P^ 

C 

in 

© 

cr 

«c o <c 

CM 

r- 

m «C 

x 

H 

P- 

4 


CM 


o 


m 

m 

cm ph in 

o- 

r- 

N 4 

IT 

rH 

< 4 - 

© 

® 

m 

4 

® 

CO 

M> 

CD 

4 © O 

M) 

in 

a rr 

Cl 

CM 

in 




cr 

© 


m, 

© 

O CM 4 

pH 

« 

4 n 

O' 

r** 

o 

r- 

M> 

cr 

4 

CM 

cr 

m 

*0 

u 4 

CT 

• 

• • 

. 

• 

• 

* 

• 

. 


» 

. 

* 


. . • 

. 

cm 

C\J C\ 

r- 

a 

CD 

c 

m: 

<V 

CM 

CM 

CM 

CM 

cv 

CM CM CM 

CM 


•-4 O 

4 

4 

P- 

m 

pH 

M> 

CM 

Cr 

o 

4 

4 

P“ 4 O 

4 

ph 

m r- 

O' 

•-I 

pH 

pH 

CM 

m 

4 

pH 

ac 

4 

If 

n ao 4 

in 

a: 

c r- 

in 

pH 

rr 

© 

M 

M> 

CM 

CM 


o 

pH 

«- f* o 

CM 

4 

© tr 

x 

>£ 


© 

© 

♦V 

*\ 

r- 

r*- 

in 

M 

r* O M 5 

O 

IT 

rr cm 

P- 

m 

cr 

a 

4 

C 

pH 

ct 

rH 

4 

tr 

© OC 4 

O 

CM 

cv cv 

CM 

MV 

*4 

4 


w 

CV 

p! 

cv 

CM 

CM 

CV P— pH 

* 


M S O 

a. w 4 O 
o o o o 


rO if H 

& 

OC H O 


4 CM VJ 

in m c? 
p» cm in 
m r\j •£ 


If ® (\J ■f H 

O O x Cf r if, 

m o © p- a 

X rr pH cm O — « 

^ m e m <r, ^ 


N<PONior<rN« 

o®«\iOP(nNtniA 

MHpjxNNtna/m 

p®®^OMa<fp 

<NjfNjr-r~r-<^r^cro 


r». o p- p- 

I I 


H H | | pH H ^ H IM 

II I I I I I 


O 'C tr c 
at « c c 
< © IT C 


© <c a 4 
a in «f 4 

< c p- ph 


*C rn p- 
in a cm 

oc pH 4 


or o o m cc r- 

pH © ■£ f— m ,$• 

4 © P* IT> in p- 


m a -» r 4 fltf v o m 
ra<f*fr‘r-tONm 
n'cnr-mp-©,— i©-o 


O C ff ^ f (V 

p - 1 ro »— r- p> 
— < cm f> tv p- ir 


p-* 4 O 'C If pH ,$• <v 4 
r-4 r~ O O © pH CM cr 4 
CMCMpHpHCMCMCMCMCM 


< © C C 


<«? c c «r 

P O C pH 

u o © r- 


C If o 
p* -4 * 

a e ph 


o o o c © © 
o © c. © © c 
o o c © c © 
© © e c © © 
o o o c c c 


c oooooc o© 
OOCOCOC oo 
oroir. cifCif© 
r*'.^r<cr- o c cm m in 
cr c -1 (\j r in x P- cc 


C © O © © © 


car-jr-irp^c^m 
cm cv m m rr, m rn 4 4 


r r~ ph 

^40 
N O If. t 


cr o p 

4 o m 
in m r\j 


4 h ir ^ 

P H H H «\J in 

m p—i m o >£) >c 

om 

N ifi ft (? -O X) 

• ••••« 

»m c «» <t- p- 


<\ © © 4 4 p -j o »j 

nj»Ni^)Op-»rHr-(y-cv 

cMP-r-m.£p-o>cc> 

pH 0 OpH 4 mm:X> 4 © 

(\jt— (<\ j<\jc\j oj ph 


c k c 
oc o 
> e © o 


r- z 

C fcp c 

P- tt- K 
4 a < 
z & 

© • < 
■< z a 

H- i~< LL 
^ » t, 


P- 

cr 

in 



r* 

< 


4 

CM 

CM 

it a 

CM O 

4 


p- 

© 

O CM if' 

m 

4 P* < 

4 

4 

in 

LL 

i<r 

CM 



If' 

in 

C 

o © 

ao o 

cn 

in 

o 

X 

CM © o 

cr 

sm ia 

in 

c 

o 

c 


H 

c 

V 

P- 

CM 

if 

cr „c 

o © 

r- 

O 

CM 

rH 

CM ® p- 

P- 

in x rr 

• 

• 

• 


5 T 


-J 


CP 

CM 

MV 

on cn 

pH CM 

O' 

rH 

o 

X 

X CM © 

P- 

If 4 O 

1 


Y 

V. 


• 

£ 


p- 

P- 

•c 

4 rr, 

OP CM 

rr 

4 

CM 

CM 

f- p- pH 

4 

P cr c 




1 — 



LL 





P* >c 

P- P- 


p^ 

p^ 


r i* ^ 

^H 

pH pH CM 




z 



>* 





* 



1 



i 

i 

1 1 1 




LU 



Ui 














• 



CL 

> 

o 


s> 


r^ 

>0 

O X 

o o 

4 

< 

IT 

4 

4 0 4 

4 

•£> tr, ^ 

P- 

LU 


t- 


r- 

at 


n 

a 

n‘ 

r er 

0D o 

m 

m 

4 

r 

P vO CT 

O' 

x cr m 

a 

Cr 


to 

X 

o 

o 

r 

rH 

ID 

CV 

pH IT 

o in 

cn 

CM 

m 

cr 

H 5 in © 

P- 

O CM CM 


— 



HI 


> 

HI 

cv 

o 

c 

CM C 

Pwo 

>o 

ro 

r-4 

o o c 

o 

pH CM «r 

z 

!/• 

z 

a 

© 

• 


© 

COO 

O © 

cr CM O 

H 

H 

pH 

pH pH pH 

pH 

pH pH pH 

r 

t^l 

c 

z 


I 

LL 


• 


• 

• . 

• • 

• 

. 

• 

• 

• . • 

. 

... 


UJ 


<r 



tr 





1 

cr rv 

1 

1 

I 

( 

1 1 1 

| 

1 1 1 

f- 

cr 

»- 










1 








<r 

a 

< 

tr. 



> 














z 


CL 

Z 



a 














© 

. 

< 

o 

> 

in 

4 

>• 

rH 

CM 

cn 

4 in 

-C P- 

a. 

o 

o 

pH 

pj cr 4 

in 

«P CD 

HI 

z 

a. 

rn 

z 

*-H 

r 

z 








rH 

pH 

pH pH pH 

pH 

pH pH pH 

t- 

i-i 

u 

K 



X 














iS< 

2 - 

tr. 

*-H 



~ 




















Vi 

















o 





r - 

n. r 

rn 

pH CM 

cn 4 

m 

o 

pH 

CM 

cr 4 in 

X 

P CL cr 


tr 

>- 

I 


A-181 


CENTROID OF SHED VflPTICITY 

r,AM/y Y Z 

♦ Y BODY* .03243 .72943 2.49324 

-Y BODY* -1.0427* -1.41399 1.92B17 



x u/ bo d a 

Nul Alibi d 1 j 1 u dJVdrflli AUJb 


t-»oornr p >*-*«*w'0'0f‘-oo , m 
• ^NN'J'^NmnSNNS'f'H 
H(nmMWM(\JHOOHN(n'fift 

— oooooooooooooo 

O ****** * I* I • lit 


iTi#»ojoNOflononOiftN 

ooooooooooooooo 

• ••••••••#••••• 

I I I I I I I I I I I I I I I 


OOoOOOOr-lr-ttMrt'TiW® 

00000000000003 

i* r r t r r r • r i i 1 1 * 


cn o o 4 '^-mhH'CM'I' r- fn 
fsl O HHO*«LCHHMn^Olf' 

ooooooooooooooo 

r i r 


OOOOOOOOOOOOOOO 

|" f I* I I* I 


r-.-(fnir\CiO'00«c<vop©^i‘ri 

j *v 

oooooooooooooo 


i- ,-» o o o op t 4' <c h <r n o 
r\ cj (V rv rv> rv «v rv rv m r r m fi 

~©eeee©e©oce©oo 

x f 

Cl 

c 


ocoorvirorvimf-xc-u'iOx*' 
NOfv.^CCtHf'iuh-O h m 

OOOCOC-OOCC'CCOO 


f^ococo^O'ra cc it w h 

tn^NOOiMr ^copwf«t«r 
r-a ori hh 

ooooooocooooo^^ 


o 
o 
a; o 


rv 


O 

c 

o 

o 

o 


o 


_ o fM f\j fVi C *£ 
t -£) CM? « C N rn 
r<i m c ci m r\i *— i 
a-ooooooo 

«••••••• 


u C^-CO CTrnp-rr 
(<1 K N O ’T H N «—* W 
oOHNm-fj’ifun 

ooooooooo 

I I I I I I I I 


C «l a. <4 1— *C r- > 

^■(^r-ICO^COHN 

m to in 4 -j- -j- Ci co <v 
ooooooooo 

• ••««•••• 

I t < I I I I I * 


a a (^ffc <c<ciO 
tv®ir>.-iO*3ir>,rirN*0 
<\J rH «— I r— 1 O O O O O O 

oooooooooo 

• ••••••«•• 

I I I I I I I I I I 


rc\-r«T-tOtfau 

coomor^r-ff^r^ 

oooocooo 

r r * * i i * * 


OOHWp-tO 

> 4 CC ® <») N 

lf\ .— t r-t ifi CD 

►_ c o © c o 

> • • • • • 
I I 


m in ir» r- o •-* 
cc o r- rv it - 4 - 
t-i <4- r* o <v >r 

H H H (Vi M (V 


HN « O H 

O 1 (VJ O U> M(\ 

m r- a, cc d c 

(\J N (\J <Vj w (V 


O cr m 4) rv m 

» H H ® 4 C 

r- r- o 'T rn *-* 

rv cv <v rv rv c. 


(DlflON 
H 4 iO ® 

O ® <ti 4 
(V H H 1—1 


^•^^m^coofc^Hr-O'J-O'ONro 

OHMHOOffWf'lflffH'TOOW 

mHON4ivoooOH«i)nooo 

i-«-<©©00©©©©00r-^i-*fv 

I 


c o tr fv> o r-< o if ot t r *c a o c* or 

X^-jCcKMM^ff C- IT cH V fT> 
•v.CCO*"f^ , J’f^O fL IT CL H r IT 
;*OC'CC'OOOC^-*“l*- , ^* s ^ 

I I 


o.-i^cro-mc-oc ■# C O t* 
chCffHCJ<i:4wo 1 ‘ <ve 
>cr-a.f^r-42v*vccL if h o 
rv rv <v rv rv c\j(vc-(v^r-i^f-^o 


Ocrmmcrv^j-.coCsOir'sj’crf-c. 

C o ff! r- 4 o rv n - cn <4 *c. f- r- >c c 
r- it c rHooc c o c i-* m 4 . a. c 
oococooooooooc »~» 

r r r r i i * * i i 


CO urn O r- rv cl x a. <£. 
> n c- a rv rv o © 4 4: c. 
ir r-HlfffCr. 4if4 

>000©0^«-<i-«i-*r* 

II** 


-4 inc~. ^4100^0©^ 
a. c N c ® tf\ c 4 o ff r: 
IT If r H O C If fv C (M 4 
* 1-4 0 000 OOO 


I I 


^f~vm»-»*-<f'-oa.rviC 
m-t it sC f' c* (»> 4: 4) c m 

cMcaaoffv r-sOij- 

OOCCOOOOOOO 

• •••••••••• 

t i i l i l l i I i I 


U «Cf->r-CVVO*4.i-‘>44: 

If'OCVjOfSjOCOC.OiO’C', 

cv © © c c i-* if r . r- r- 

OCOOOOCc-*W^i-' 

% r r # r r r • r r i 


O 

• 4444PlrtfO(\Ji-*HOO 

U' 

-J- > 4’ 4 4 vO 4> 4' 4) 4 4 4 45 

-4 o a cr cr C7 o cr cr cr cr cr O 


(T. a3S4ir-4f , l(\JHOO' a N 4 4 lPi 
r'-r-r-i^r-f'~r w r-r-r > “4>4j>c4j'4;4) 
4444444 444444444 

oooooooooooooooo 


«4- 

44444 4 44444 4 444 

4444444444>C444 4 

o oooooooooo c o o o 


oooooocccooooococoo 

<ooocooocooooooooooo 

KOOOOOOOOOCOOOOOOCOO 

u •»••••••*•••••••■■* 

(f o if o 4 o if . o m cir okfc-moiromo 

H H N (\i Cl f*W-^lflK>44NN«, Oi O' 


o c o o 
o o o c 
o o o o 


o o o o o o o 
O O o o o c o 
o o o o o c o 


OinOiootf'Oircif. 

ooHH(Mi\jnr:4 4- 


ooooccoooc 

oooooooooo 

oooooooooo 


o v o if o r o ir. c in 
inkT OOf^f^CDO-O O 


o o 
o o 
o o 
• • 
e it 
o o 
rv rv 


141 


OOO O' J- or 

tr f- rv rv r- vC 

H O C ® C 

o o c e 

• ••••• 

M (\J N OJ H H 

I I I I I I 


44(\MflfiH4ff «T >J- fC 

i-irvow'orrivfrjmr**^ 
r rv? If. rJ If I O' M ^ 4 

®N44mMOSMfW 

hhhhhhh | | | | 

I I I I I I I 


rrcmrn^^ocir. ^-<mirrvm<ccc>>i'00'OOO0cr *»■ x 

■a o ^ f'-mmr^f ri o s fccio<v«— •' 4 'r- rv rv r~ u r- rv rv r- 4 

(LCc4'J'fJO'irHiriCc ccH<C"7croi-iox'jcc i— • 

^HOi-*mLnr-«ocvmir'£>r“aO'<yoci-r'-‘‘-«oooc7 




O m rn >r «J ® If IT M' (\J If <C (L <7 
O >7 r- N (D fT fw Cl o 4 o H 4 C 
oar 4^NO‘ifHin(7'rjcc^c 
Oi-«r^mr w flco^c< T ' , 4''Cir^0L^o 

>-••••••••••••••• 


cr o O 
rv iv r- 
*t cc o 
o O 1-1 

• • • 


©CO 
ION w 
•— i O X 
•— I ♦— ♦ O 


o <j- a. 

M N -C 

^ ® rH 

OOO 

• • • 


O 


MrvjfijfvwwcvjHH 


^ifiMfifHiri ^->tmmor T1 * r '' J ' « 
^•cviomo mr- 

mmw(Mf'Hino<'J44ito®«0'»M^ 

oopw 4 , ^ m rv o as r- m, rr^* o i - 1 c> m r- *- 

hhhhhhh llllll 




if ITi 4 N 


MminroNCO'OHNm* 


K\4NBffOHNC^Ifi 

(\j(M(\i(Sj(CjCIClCClCC 


«OMDO O 
rc m rn «r> 


A-182 


057 «i \.*M* 2 in .000 


2131 1.7325 215.000 .QfaM* -.17*5 -.09P*> .1683 -.031* #0711 .0378 -.0333 


ORIGINAL PAGE IS 
OF POOR QUALITY 


■n^ifl^^iB^lBOCNJfO^^^^mNOCDOJONfnHOOHnjm 

0 OOOO 0 OO»-t*-»^-l>-<rHi-*<-*^--<«-HOOOOOO 0 OO 0 O 

r r r * r r r r r •* r r r * « i * r »* * 1 1 » * * 


p»j *4 iflffffWH'OwN'fNOHfn 

m tf\ rv c t"- *r or^-*-«om'<C«V'4'P0'»' a5 C'r-«t^r-‘ac.r- <c *.& 

Cw^t-HtMocyr^-j-r-ifsjrofNjfvjcvfr^-irirN 

000000000«^^*-*'- , '-»<-'0000000000000 

****** r f i* r i i* r r *iii * 


j-crr- < 4 c^- 4 -.-iir>«n*-r^« 44 ‘CDtnf>-o*ar v »-t 

^ A o-ir'tvoa'air^r-r-oir'rnoocror a >o ir it 
^ i— t »-. »-h aj r- s cr, tr r' r rs«\tv,(v(vtv*\jr" m r- ir\ >4 p* rv <v tv <v 
^^^w — oeoooooccooccc-H^oococco 


a r- rr, u cv r-i^-ir^crsO^-e »-» o cv <* -* 

>c^r-'£>a-'Oaof\joo'r>rjm>>-<\jr-0'ff>f*“, p~-pnp-r*>ocivrooo>0 
rri^^^u^MTS t*-t©U JOf^»Oh-Omr-*OOfMMm 

ooooooooo^-H-«^-i^^ooooooooooooo 

I I* I I I I I I I I I I I I I I I I I I I • I • I 


r- a , mHNa5fno'moc’iri^HNf\jif>Nr)^<*'NO 

0 Dtf\»r-nr-O'O»HO*r'«m'*'cro«r«-«<rowf fc “»fvi-t'»’'O'»'O‘'a" 

a. <\j r-i m f^^o^oooiricatir 

COOC*— •-irvcnr^m.a- ^ >r 4 <4 -4 <r. pr> cn Cs. hwhpjhhhoo 

* r r i i i i » • i * * i i » 1 1 i * i i * * * * * * 


fv ■tfp'fs <\ r- r ^•r*oc»-<<fop*-f\f»‘r*fno 4 'iric^iroc' 4 > f*-f*>oc 

a c p p -< r- r-»ir ir> * a f- >c C »r r* w r* if & o m v *v © Mf «» m 

u- (-ir-tir. a-4«Moir<rc^r-toar^^oif c n a & « * r. r-» o o 

OC CO © *-• fv rif^m-4 <4 «4 ofC^fr ifl ff M r“ H O C CTCOCOC 

I* I* * I 


u -4 a* c a u Cvxrrncxo^-- 'f-«x ur r- it *j M'Oro^c^^C-o 4 :a 
>C «A p c r- p-fr>*v.m' 4 o^'J'O'»' 4004 '^^^oa © r* <4 fw fv o p 

ir'^tTfr^cmor^r- h 4 n e h ij c •*4Pf-crr~if* > vair 

C C'OOOOOOCOOOO^-l»-^-ir-<f\.fvr-'f-HrH^H^- , ^l^-**-'OC 

I - I* •* I* I f I I I* I* I I I I f I I I I I 


4 i^vOf.NtO' 0 '^<NJf^ 4 'ir 'Cr v CDCC( 70 ^Ht\jmmf 04 , 444 ‘ 
vO-^'C'^'XJi-.x.r'r'r-r-p'r-r-r-r-r^r^tca. a^oDCL'cc.cLaoouaa) 

o caao-ooaccrcyoaccT'^o O'O'OaoaffcracrcMJ 


c. oocooococ oooccocooco&ooocooo 
ooooooooocooooooooooooooooooo 
cccooooocoocc-oooeoooooooocooo 

c in o if o m o m oinoiroiroinoifioifoipoii'cinoifo 

(\; tv r, c 4avmf;c^^ct„®C7 , 0 oOHHNNr , ,rt44if.if'i 
rvcxr'tv^rvfvfvrMfvfvrorjtvfMfMPomprifnfrr'pr'rnmrrrOr^^ 


NirifHtfioD^j'^rowmj 4 -ol'it. HiriAMir^® 4 'ai 7 , 00 

c Lf'J m r- r*~ rr r- r*- 4 

M o l/> — t LP CT <\J <4 ^ I o IT >C 4 ^ p- flp 4 AC 1 O H 

^'Jrorv.'Oorr^i/vm^c— <mirvf-o'Orvpn'T'£>r^oro^O‘ 00 «-irH 


,-1 ,m ^h ph ph t I I I t | hhhhhwhhhnnnn 

I I I I I I I I I 1 * * I 


u'iri(vifi«(i: 4 a»oooo'a 4 <t.cifiiNnri , 0 ' 4 ifioo 44 ( T 'wo 
a ir O w h «i n f\i t\j r- ul N rg im h «CrHCwOiAO-rrf^p^pnr~P^40 
u-'O'iMn mHX 4 a:OHOcc 4 (rHpnn(Mffif'Hu> 0 '(\) 4 , 'C ®0 
ffi 4 CMaffCOr'r<HOCa»rNC 4 r l NO(DMfM , 'HO 

| | I I lO 

t I I I I * I I I I I I | | I I I I I I I I I I 


■ 4 lfiONOO?OHf\j(<l 4 ri<ON©^OHPjr, 4 lfL 4 DS®aOHM« 

4444 j-' 44 fvtrifvirir>tfV 4 AifviAif\' 0 > 0 ' 0 ^^'C»' 0 ^>' 0 -£)r^r^r-h“ 


A-183 




INITIAL POSITIONS ANO STRENGTHS IP SHRP VOPTICTTY A T X - *5.96«; 


ORIGINAL PAGE IS 
OF POOR QUALITY 


oc 

>► 

*£ 

Of 


oo 

O' 

If 

O 


OC 

•«* 

o 

a 


m O® h 

®N 

(*1 ® O |T> ^ ^ 

® o ® o s r»j 
m M H « N H 


® N 4 1 vO ® m 
n ® <n oo My 
O m o ? o H 
>0 H (\J H (t) H 
mwNSOH 


O 43 4 IT m m 
4- 4 o -h o m 
N (y (\J 4) ® 43 
f44N4»m 
NmmNHH 


m o <d CMy cvi n 

ro ® in r- 4 r» h 
(VJ 4 *T O' 40 CV 4 
® ®ff o o ® m 
(\J 4 4 4 H r-t O 


f-nMnnH in 4 4 4 m h 














(V 

N?4 

cn 4 

4- If 

•-•0-4 


e 

1-400444 4W>M40 


> 




X 







o f*> o (o m ot 

O 4 

rj 

if .-H 


arciNNeooorHm 


c. 


c 

c 

c 


o 

o 


ir 


r- 

(M«f M 

43 a 

CL 43 

4) f v O 

— 

4 

4 HrmroconivoOH 




e 

o 

4*. 


C 

N 


O' 

c 

CV 

4 Mr 

O r- 

m *— « 

O 

a Nr 


inocor-04 o 4 r- m if o 


* 


c 

o 

* 


o 

O 

o 

cv 

Of 

O 

4 o' 

4 m 

co a 

o 

O 4 

fo 

If 

0-0 4lf440rHrHtf>J- rH 


a 


• 

• 

o 


• 

• 


•4 


• 

• • • 

• • 

• • 

• 

• • 

• 

• 


c 


c 

c 

<-> 


e 



• 


CV 

rv (V <v 

«v cv 

rH a 

o 

O N 

cv 

CV 

rvrv*v<vrvj«vmr-mfv{\jcv 


c 




o 



























-4 

O Or- 

O 4 

4- rH 

(VI 

CV O 


«v 

t-#rno®Hiri«HNff 













4 

r- rj r 

m u~ 

4 O 

O f- f 



inj rtNNC 40-HIH40 


* 


r 

e 

* 


o 

43 


O' 


4 

4 0 0 

O <-• 

43 4 

43 

O 

u , 

C in r-o O HrrOMn44 


a 


o 

e 

a. 


o 

nj 


o 

O 

4~ 

f- f- 4T 

o if 

O rH 

f 

f 4' «■ 

If 

04 4f ^ h h r' a c— <v <v 


O 


o 

c 

u 


e 

c 

U 

0 


CD 

4 4 rH 

a M 

ro (v. 

CV 

C 4 

rr, 

fsj 

4rooo(viro fm4om 





• 




• 

> 

*— < 



• • • 


• • 


• • 



• »•*•••••••• 




c 

© 



c 



• 

CVJ 

1 


CV 

£ 

2 

rH r* - 

4 N- 

4 s 

f- f 


IV 

M n »— • IV fV) (VJ (VJ (V rH 

4 

O 












00 

cv O a 

M O 

jv o 

N- 

o o 

4 

o 

oooN-oiro m «c o o 

• 












CL 

CD (Vi ifi 

or 43 

4 — 

4 

4 

r- 

o 

(VJ r— • O <rv 4 X» O 4 if (VI 4 <VJ 

If 


O' 

m 

o 


00 

If 

o 

3» 

n 


rv 

4® M 

m o' 

rH O 

O 

M m 

4 

(V< 

— l4H4N®OI T l4rinN 

4 

CL 

m 

jv 

o 

CL 

o 

<— 1 

OP 

"h 

tvi 

O 

O 

OHO 

*-f O 

4 ro 

at 

m *—• 

<VJ 

If 

rd-H4cc40if00cDm4 


O © O 

o 

O 

o 

—* 

O 

1— 

if 

>* 

IT. 

4 m o 

O 4) 

ro iv 

M 

o »f> 

m 

NJ'NMT, OIOmOONH 




• 



• 

• 

• 

3> 

n 



• • • 

• • 

• • 




• 


■ 



1 

o 


1 

1 

1 


• 



(VI 

— 1 r-> 

O' uv 

M 

M 

CVJ 

«-H 

HHHH 1 I rH i— ♦ (VJ (\i (\J OJ 

X 













1 

1 1 

1 


l 

1 

1 

(III 1 1 1 1 1 f 


u o r o u P n 


*- m 

Ll if 


rr 

o 



4 

O CD r- O X 

m n O' (v f 

CVC<rrH404M04rH©4 


• 

C 

c 

rH 

If C r* »- a 

4 x o rv if r- 

O 4 c 4 f 4 N- Cv r- CV 4 X O 


ar 

o 

♦- 

m 

M cr V (\ IT 

tr c a or Hff 

O C M o 4 *-H 4 tt (VJfC4fr 4 


ir. 

If 

u 


» • • « • 

*#•••• 



(Vl 


O' 

X 

f o (V li <v 

4 4 a 4 4 rH 

o o 4 rH a r-o oo-minH 



H 


4 

4 4 CV IV (V 

CV r» (V CV f- 4 

C O r-> OJ rH o O O HWC 44 



• 


H 

rH «*■* (V (V (V 

i— 1 (V rH (V rH CV 

(V*VCVCV(V(VrHrHCVCVrvCVCV 


if 

o 

(V 






K. 

(V 

• 







4 



e 

CO C O O 

o o c o o c 

OCOOOOOCCOCOO 


• 

X 

c- 

o 

O C C CC 

o c © © o c 

OOOOOOC'CCCOOO 




U' 

o 

if O O If o 

C o c c o c 

OifOmOinOmcinciTO 




a 

o 

4 4a O »— 1 

c c o o o o 

r 44 r o c <v m if 4 x o —h 




c< 

o 

C H c - (C. 

C O C C o o 

OCrHCvm« 4 N « O C - (d 





4 

O rH ff C3 f 

o e c c c c 

iCOHidinNOHMf x o (v 


o 



(VJ 

(V rr 4 IT 4 


(VCVfrr3fncorc'4444lflf 


o 

tr 






>- 

o 

(Vi 







ft 

4 


4 

a c X o 4 

4 r- (V (V 0 rH 

(V X 4 f CTCX - If C r N o 


• 

• 


m 

N MCI n r 

4 O O M r- rH 

rHlf4rHMf-040-HrH40 


(V 

4 

X! 

4 

4 o a o — * 

4 4 4 O rH If 

O if — H O O —4 (*3 4 0 (VJ If 4 4 


1 

ir 


4 F- rH 4 c- if 

(3 h N f. ,o if 

4f N~ 4- 4 4 rH H (*3 CO (d (\) nj 





X 

4 4 r-« a? r- 

cn cv cv o 4 cn 

fj4moo(vifor-c04Om 





(V 

(V (V nj rH r-l 

4 M 4 r- f 

MMMiHHNMMMVJHH 


4 

X 






if 

4 







— 

CV 

L- 






r 

<— 1 

< 


a> 

(V o 0 M o 

if o r- o o 4 

oooor-x»fOf-. aorno 


• 



X 

x cv f a 4 

4 rH 4 4 co M 

OnjHOintEh 4 if cv 4 rv 



c 

>- 

(V 

4 a n ‘tr o 

rH a o n in <j 

CVrH4rH4f-OOm44lfF- 



— J 


o 

O rH c rH O 

4 m x m rH e\ 

f(\IHf'®40ifOO®ldf 



w 


If 

4 4 0 0 4 

r*~ (V r- <_? u . m 

(VJ N N (3 ® ® o if © O (Vi »— i 



u 



(V rH rH 

O IT N N (VI 

HHHHH | | H r (V (V (VJ CV 

> 

a) 




1 1 1 

1 1 1 

1 1 1 1 1 1 1 1 1 1 1 


if 

X 





X 

m 

IL 






•< 

rH 

►- 

> 

o 

rH 4 a f 4 

O or 0 0 4 4 

lf44044 4 CO 4 4 r* 4 CV 


• 

Or 

*». 

(VI 

O' <V fr f— O 

ff X CC o X> f»> 

<fN0®00®0inNN>J-H 


1 

C 

X 

H 

X (VI UV (VJ K 

rH If O 4 cri (VJ 

Cd(diOinONO(\jivjinNOri 



> 

4 

(V c o c — • o 

MON WC 4 

CV rHCC OOrtMdidiif.C 




e 

o 

C O O O o 

O c C- CV O rH 

HHH— HHHHHHHHH 



c 




I m (V 1 1 

• 1 1 1 1 1 1 1 1 1 1 1 t 

> 

O' 





1 

z 


V 

OC 








4 

> 


cv c- «r ir- 4 

N ®ff OHM 

n <nn o n t o o h mw ^ in 



X 

z 



H H H 

HHHrtHHHMMNMMM 


#* 

1 







o 

1-4 

CO 


CO 


ro m ^ if 43 — - cv cn 4 m 4 


Mn,m^y34JMtyCH(MCr, 


► 

I 


A-185 


CENTPOIO OP SHPD VORTICITY 

GAM/V Y 7 

♦ Y ROOYT * 1*915 -I. 1705* ? , 00311 

-V BOOYt -1.606B* -U62*8* ?.0?7R«5 



ooos*? ouuo • o 0 i» i x • <: 

a xu/ ad a x 

NUIlflfaidlSIu JdllSadad 3JvdailS AUGW 


-»r*-^coror»r^r*-J-cor-i'*'jr>>o»r»fvi<ocy‘^h“rngocNijf»aD*~*'4-®(\jQO'T*-toOo«-tfnr > «'<\j^rj4r\'t»>r 

•-•>r<4''fr-4-rrcM.-ioofMpnj'inor'-r-r-r~r>'p^oOin«r'rrT<MfMi-i»H— c-hoo— fr-ir-ifMfomco.-c^ 
>— 00000000000000000000300000000000000000000»-c«- 

5 r r m* * r * m* r r r r * i r r i r » r r • * ■ •* * « » * • * i • » 


mocDfM.-i<rcDof^r-<y«4 , m®0 , r-^-i»H*'-i»-tr-^^r-«MfT<^oin«4'»rm©omom»n<*r-CM«rfv 

ki m <r m c 4 mm.rtMOOt-ior- cm m o *r © ■* ofccDOOO-r-if'CMCDcrir-ocMn'. mcM^o in «-h «r r- 

Q.^)-f^«0iri<mNHOHfjf«m-*4^^4r^HOOHHcjm4 , *fK'i<'-C'0-0'C>0ir*nv)«-two 

uooooooooooocooooooooooooooooooooooooooooooo 

•* i* i # r r i* f f r r • 1 1 i • • 


f- ffi ro a- it r\j o coNicrr-irCMP^oe oH^NH(ftO<r®wir*OfMr>(Mroir®Na^0 or- 
©,#-iniror^r-oDO'©«-"'f* , >*rirr-o*«-ccMirr^O'«-i*’>f>0 , «-»cnoa.c« r 'mn'0'CMinr'<r«-irHr-mrvr-- 
SHHi-tHHp > HH<si^i\j<s.N(\,cvH^(rr)^r'<r<ir<#«iif<r<Mrv<c*c^<c<cNsrrcicrNac 
*h © © C OOOOOCOOOCOOOOCOOOOOOOOOOOOC OOOOOOOOCOOr-1 

I • • 



cr 


r- 

a. 



u 

0 

C If M 

r- 

O O 

m 0 r- 

a 

r 

IT 



cl a 

0 

r- 

l-C 


a. 

cr, 

O O' 

n r r 

O CD 

O 

s4 

0 

rr 

tC\ 


r 

-A 

m 


O 0 

a 

r- 

-j- 

(CON 

CM 

rA CD 

m- r- O 

O' 

<x> 

m 

H 

0 

O 

a> 

CM 

r- 

CM 

r- 

■* 

— * O 

O O -* 

m 0 -h 

O 

CD 


0 

J-\ 



ID 

m 

-T 

m 

CM 


0 

ONm 

-4 

lf\ kf\ 

000 

0 

0 

O 

0 

cTi 

w -4 

m 

m 

CM 

CM 

H 


-4 O 

00 --* 


CM 

m 

-4 

r- 

cr a 

a. 

O 

O 

O 

O 

OOOO 

OOO 

O 

OOOOO 

0 

0 

O O 

O 

O O 

O 0 

0 0 

0 

O 

O O 

OOO 

O O 

O 

0 

O 

0 

0 

0 

0 

* 

* 

* 

# 

• 

# 

• 

• 

• • • 
1 1 1 

1 

* • 
1 1 

* • • 
1 « 1 

1 

1 

1 

• 

• 

1 

• • 
1 1 

r 

r 

# 

1 

• 

1 

» 

1 

• • 
1 1 

• • • 
t 1 1 

1 1 

1 

I 

1 

1 

1 

I 


OHO(t HrttON«4 >T 
>N»0'r«nroo®m 
S40Mil0riN0MT 

h-c OOOf-H^^«V,N 



i I 


m(?0'Oiria)ii>Nir<*)4 
inmaocoNmo + inm 
r- V O IVMVMT nm N H o 
cm cm cn c*- «r m cr m «r cn 


OomcMOfMCMCMmoao 
9 N 4 UMO <« m N H o O 

(V M M fv r H H H H H O 


o m ir 

N«rK«omONa>o 

Nirt<<’4’ircDMOr>-0'r' 

00©0©©«-*<MfMCMCM 


e o r- 
> r m 
^ c © 
» o o 


moor- a 

rsj •* <\ if cm 
O h n ir ct 

c c o o o 


o o r- o e'- 
er « r- cr o 

h 4 r O r 

H f - < H f. CM 


otwo H^o^m^acsTMOor o m on 
o O cl •-* cr a -r -4 cr o ir oMf. rn^nmir cs.»-iir*-tmooor-tt r- 
<c90M\j^khO Mnnor^r-pr irmiM^ooo^cMir » fw r. 
m rvj r mmr^mm<vrv.<sjrvj<\j»-i^-»-HCOCOooooooc o o *-* •-« 


t 


I I I I I 


C 

> r- <r 
^ ^ c 

> o o 


Of 

O' 

<\ 

C 


u a. O f- r- < O * C cl 
rrif otiT'-coa C»r 
o e f\oor-a r- r- ir 

C O •— * H ^4 f“4 ^ ^C 


< r, a <* «~c o r- cm in cm 
o rr, o a. 0 ‘©r-c r 'ir>«* 
rr'tinrvjc^inr c 

r->«-.000©00©0 


r* c r r ©cofv'j-o 
accr^o-4oc<i-r mco 
© «-• cv cm cm r~> c O' cr. o 
HnHHHHHOOO 


^ h fj od a «4 r- r- m u 
mr^r-oO'mcMO'O cm 
If 4 4 if f tv a IT om 
OOOC O H H fo fo fj 


I I 


I I I I I I I I I I I I I 


© r- r- r- r- r- r- 

>000000 

O O' O' O O O' 




-C-*000000' 

Kf-r-r-r-r-r-o 

00000000 

O'O'O'O'O'OO'O 


O' O' O' a© X) a ® 

0000000 

0000000 

O' O' O' O O' c o 


ccr-r-r-r-ooo 

00000000 

00000000 

O'O'CaO'crcrcr 


ooooooomoooooo 
00000000000000 
00 OOOOOOOO O OOo 
O'O'O'acoacro'O'Oocfcr 



O 

O 

O 

0 

0 

c 

O 

O 

0 

O 

0 

0 

0 

O 

0 

0 

0 

O 

O 

O 

O 

O 

0 

O 

0 

0 

0 

0 

0 

< 

O 

O 

O 

0 

0 

0 

c 

O 

0 

C 

O 

0 

O 

O 

0 

0 

0 

c 

O 

O 

O 

O 

0 

O 

0 

0 

0 

0 

c 

K 

O 

O 

O 

0 

0 

0 

0 

O 

0 

O 

C 

0 

O 

0 

0 

0 

0 

0 

O 

O 

O 

O 

0 

O 

0 

0 

0 

0 

0 

11' 

• 


• 


• 

• 

• 

• 

• 


• 

• 


• 

• 

• 

• 

• 

• 


* 

• 

• 

• 

• 

• 

• 

• 


cr 

O 

cr 

O 

IT 

0 

ID 

0 

LD 

0 

ID 

O 

if 

O 

m 

0 

in 

c 

in 

O 

IT 

O 

IT. 

0 

IT. 

O 

ir\ 

0 

m 

0 




^4 

H 

CM 

CM 

cr 

m 

<4- 

>r 

in 

if 

O 

0 

i" 


a. 

<D 

O' 

O' 

O 

O 

H 

H 

CM 

CM 

m 

cr 

+ 






















WA 


H 

** 

H 

w 

1-A 

«— < 

H 


ocoooooooooooc 
0000000000000 c 
ooooocoooooooo 
• ••••••*•••••* 

if\OirOirOmOiriOirC« o 
«*-ir>knoor-r-ct(tO'OOOf~ 


00?04IyOlf(V'fir. Hlf«C44f'mOmffi44CDlfHlfitf\wn-DlC4ffaoOO(My<fX'C 

ir>r-(\*vr-o*-'fvo»r»trr r 'r-fnmf^r-<40'^r-r--fnrnf-fncruro^^or-f\J<^-r-»f'r-iv(\jr-o»- 

HCa-4'©Hrir'rja(AHifaM4^CDOi»'C<fJO'iri»-nf\0'(Vjfnw^(r4aEO^ox4CDHr 

HrtCO»ffODNf4nNOeMfM*lHOHP>inreONr'4ih®PffOOrtHHOOO‘ff® 
(MCMCMCM^_i,~»^4 t -l,-»^— 4r-l| | I | IO HHHH»4HHHp4NfdP4WWMNHHH 

I I I I I I I I I I I I I 


OffK T i'i4(rifHIIMO(\Jir*CDif(?0000»Cf4ffi4)ifWtf'irHlf'®4<fW<*lOmn44®« 
0»rr-r-mrrrwmcyu'Of\j.-ior-<\jf\jr-irr-fMcvr*o«-4f\JO»r'cymr , -mmf‘-r“*ro«»r-r-r'-c- ( r'- 
OOf4\fflfiHlfaM(*imHB4’ffOrtO«l4eHmi*HMainMlP^N4'OfOt<C4Naif 
Oh (fMAN X CM^4<roo(MJ'OCHHHOO»0'®N04^fyJOa,r ^mHOHi^mriO 

O I I I I I I *J* 


4lf £ ro»o 


(\Jfn 4IT41NB ^ OHNr04 IT 4>r c o 


fn i»i r> «n m<n (»> n w rn 4 '4 -4 


A-186 


?131 1.7325 *15.000 .9*66 -.172« -.1240 .2127 -.0770 .1090 .0204 


ORIGINAL PAGE IS 
OF POOR QUALITY 


au<7‘u>‘r»r^Qor-c\jr^cDOtr>^)r-tr-r^rn^«\ieD«M^r«-»rr>^^- k nmf^ 

s>trttniri(rtrkirtir>h>foOdDO(MrNi(M(NjrHOa>r»irk(t>^io^rg(f>wr«r 

000000000^^0^^-«^^fHr-#00000000000 

i * * » i • i r r r i • 1 1 1 1 1 r i r i r * r •* 


N ©r»©cnf^p«.cne'Ccn®incno<*r-«n<n.4’*5fn*in 

O' r-«* in n cj h pi if nh^ r coON^c^cDHfr. <fiOir 

OOOOOOOOOOOOO^H-^^HOOOOOOeOOOOOO 

1 1 1 i r r r r r r r r r 


cTv£>o*r-f‘-c<ro»nr-t-r-»in,r*-*r-a.-fM<ccr. c»wn(fl4-inoco«»t 

O' a C Mr C>jrHr-f^(^«\.(r)ONiA^cfnmrp'romrm>f^4 
C-4*-tfMC\.<MO<M*MCMcncn<V,-l,-l.-i,-i t -, t ~4 < ^ r -,-t t -«,_ r « lr H,_,_,_ l 

^^^-#-^i^^(v,^occoooooocooccooecc 


4 O *» “ ^ cs <1 <i l ir 4. M O cmrrjr r a r m o c O h a r. o f*~ 
■^OOMmrvjBx r«in4-oo'4-'fHinN<c>rO'tO'm(NjinN^H 

OOOOOOOO— iOOOO.~i^H— cOOOOOOOOOOOOO 

1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 i r r r i r r r 


-CCri«OOHCNOOH4’WO(MfMAH« T IHiriN<mOH+ir\h 
rjiANHHinHvf <rOHNOHHf»OaMTiN^<t)(»IO‘<OMKsr 
»— Oocooi-»^-«»-<cvrr)rn>i’'3'^r«# <4 cn cn r-, m cm cv. «\. «-h *-i ri o o 

• « i » * f r r r r r r r r r 


O*vo ra>r odd iro^rr-^r-oo-arao © oc © cs r h mt c 
rr ONrr-'Coc,-<a.<£*' j rjr^i-ir ir o O «f h r « h <0 ir. © © <4 r- 
K r. CM f C 4 O <t f O n h O COMf'ri(C^OfmO i r n c o 
c o c cc Cf-HHivrr. wrwhjNHHOoooco 

1111 * * * # * I* 


r. (\j rH (v ^ p f aomco <c ^ w ri u 0 ‘*-*cr-»-i>Cf r cr''f'-»-« 
iTvjir ®-orvCft,ir a. ocvott '4-£>4'4D«~*©»“-c*nrsjr n- r- cm cr f- 

O t*.-*cccv*4mc\,-r c rrr c-i»No»v;'t>t«‘^fVHffr 

C OOCCC OOOOOPOHr-HwMVlMNNNNHpHCO 

• » i • ’ r i r i r r r r r r r r r r r r r r 


Ovtor^Kr-r^toa « i a, o ©©©ooooo«H<-c~Hf-tt*4fH~4rH 
^>C’vC'i-OvCv0^vC'COo^O’*.or-r-r-r-r-r~r^r^^r-h'r-f^ 

c c © c © o coo©o©a©©©o©©©©©©©e©o©© 


o 

o 

O 

o 

o 

o 

c 

o 

o 

o 

o 

© 

O 

o 

o 

© 

© 

© 

© 

© 

O 

c 

Ci 

c 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

© 

o 

© 

o 

© 

O 

© 

© 

c 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

O 

© 

c 

o 

o 

c 

O 

o 

o 

♦ 

• 

• 


• 

. 

• 

• 


• 

• 

• 

. 



• 

• 

• 

• 


* 

• 

• 

o 

m 

o 

IT 

o 

ITS 

o 

cn 

© 

cn 

o 

IT 

o 

IT* 

© 

CO 

o 

<n 

© 

IT. 

o 

cn 

o 

*r. 

ir 

o 

<} 

h- 

r- 

CD 

a; 

O 

o 

o 

o 

i_4 


CM 

CM 

m 

cn 

4- 

-4 

cn 

cn 

>c 

*M 

CM 

CM 

CV 

r. 

CM 

CM 

cv 

CM 

«M 

m 

<n 

<n 

cn 

m 

m 

pn 

m 

cn 

fn 

cn 

r> 

cn 

4- 

-T 

m 

cn 

O 

cn 

cn 

<r 

«4 

CC 

in 

H 

cn 

in 

rs 

m 

vC 

ff> 

•4- 

© 

© 

© 

o 

cn 

© 

r- 

4 

© 

•4 

r* 

r- 

rr 

m 

r» 

m 

O 

u-, 

O 

CM 


«c 

© 

CM 

CM 

r- 

cr 

<M 

■4- 

>c 

«£■ 

o 

<c 

«£ 

-4 

CM 

O' 

IT 

H 

tr 

© 

cs 

r? 

m 

H 

© 


© 

c 

H 

r» 

IT* 

<n 


o 

H 

cn 

cn 

f- 

CD 

O 

CM 

cn 

•4- 

* 

r- 

ac 

© 

o 

o 

O 


H 





1 

r 

1 

1* 

* 

f 

H 

w* 

*-« 

»— i 


*-« 


r-» 


CM CM CM CM 


I I l I l I I l I l l I l 


yriifsji/ civi(>aooo^a<»a.<nfiwifi<rHr«>^^PUfio 
3-irccs— , 'Cr-rvfvr^ir>f^cvfvir-*)^-»*sjo<fvO'*^f k -f pl <^^^*'*-o 
mHCD^oCHocp^flt'H^wMO'irHinO'M'r'Ooo 
!fl'J , CMffCOOH^HOO?tf«s.C4riMOOMtwtlHO 


I I I I I I I 


cs rvjrvirvjf\'<xtrMr-t— | 

1(111111111111111 


I I I I O 


^ir CMoaoHNn^ 

^ ^ ^ «#■ *r <n ir\ »r tfs ir. 


CMca o h N(*i 

mminir « « <o c 


4 - 

«o 


*H CM fO 
NNN 


A-187 


009*6 




* 4- f- 

m r- ao 

03 •-* in 
<M fSI 

c* 4 
r- •-» 
*v « 4 


tv m 
« x 
v * o 
• • 
*-< «M 

I I 


1 

I 

T 

I 

T 

T 


T 

T 

I 

I 

T 

I 

I 

T 

T 

T 

T 

T 

I 

I 

I 

i ^ *— l 

I 

i 





i 

i 

I 

1 

I 

• 

- 

i 

l 

i 

I 

i 

i 

l 

I 

i 

l 

i 





l 

l 

l 

l 

l 

i 

I 

rH 

i 

t 

l 

l 

t 

i 

l 

1 

1 

l 

I 

I 

i 

i 

i 

i o 





l 


l 

i * 





l 

t-H 



<-• o 



tv 

r- 

1 



1 <£ 



— ■ o 

«— < 

1 

t 


i 

1 

1 



o t 
a u_ 

1 

_J U. 

1 


• 

I 



f-» rO 

«n 4 

1 


i 

1 



w a 

o * 

1 


i 

1 



a <t 

4 

1 


i 

1 



u • 

• 

1 


1 

1 



i—4 

«r 

1 

t 

1 


I 

( 

i 

1 

1 

1 



1 

tv 

1 

H 

1 


i 

1 



c 

o 

1 


i 

1 

c 


— I 

l 

1 


* « # 

1 

o 


o U- 

Ik 

1 


♦ # i «■ « 

1 

IT 


O 4 

a f- 

1 



I 

z. • 


<— tn 

c_j t- 1 

1 


♦ i * 

* 

tv 


a. a 

a. 

1 


*•*-•■* 

♦ l * 

1 



o • 

c 

vT 

| 


x * 1 * 

1 



1 


1 

1 

#-• •— 1 ►" •— 


X X « 1 * 

* 1 * 

t | 4 

1 

1 *-*-*-»-»— t k ►- ~ 

c 

« o 

lf 

tv 

4 

fv 

O 

01 

1 


| « 


t— c 

• 

~ 1 

1 

1 

1 

1 

1 

| 


* 1 * 

C C * 1 * 

o « *-* ♦ 

O * 1 * 

o o O ~ + 1 * 

1 O 
1 

1 

t 

U- • 

a 

4 

If 

• 

c U- 

- 4 

o. m 
<_> *-* 

• 

in 

u. 
x a 

o 

tv 

• 

1 

1 

1 


X ♦ * 1 * * 

a co c * ♦ 

1 

| 

1 

1 

1 

-a c 
I c 

X 

1 


1 



1 

u. o 


tv 

*— < 

1 


| 

1 

— i • 


O 

o 

1 


| 

1 

•Q If. 


— 1 

I 

1 




H 


X U. 





1 



*— 4 

X. tv 

1 


1 

1 

1 



V c 

t_> a 

1 


1 

1 



U tv 

IT. 

1 



1 





1 


1 

1 

1 

ir 


m 

H 

1 


1 

1 

r-» 


1 

1 

t 



1 

*-4 




1 



1 c 

a * 




1 


t 

I o 

tv 


tv 

tv 

1 


1 

l-i 

*- o 

1 • 



o 

— 1 

o 

1 


i 

1 *c 



X li~ 

u 

1 


1 

■ 

1 1 



w 4* 

ar 4 

1 



1 



2T 

o a 

1 



1 

if 


<_> «-> 

«— • 

1 



1 

(NJ 


• 

• 

1 


1 

| 

1 

4 


rr 


1 


1 

1 

X • 




1 



1 

>4 






1 


m 




1 


l 

1 





I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

, ^ ^ ^ ^ ^ ^ M ^ ^ ^ J ^ 

1 hhhhh | *— 1 






O 

o 


-4" 


O 


o 

0 
« 

• 

4 

1 


A-188 


• X ••• AOub Nd SxNlua HUUVdVcm UNV Mj 1 ii)9 Iaii JO 3aOiiS3d*j dO AdVhwnS 


Ot 
*«* 
u> 
a e 


o 

c 


X 

c 


a 

o 

c 


o c 
o co 
c o 


o 


X 

c 


a 

c 

o 


C «T 
O <r 
O O 

• • 

o 




* O rr 

a o C 

o c c 

• • 

c 


* O CM 

a. o —i 

<_> O C- 

• • 
C I 


r- 

■4 

m 


N 


CM 

I 


m o <0 
a. <n >c 
o o o c 

• • • 
I I 


m <■ r- 
a ia 3 h 
o o *-t *-* 

• • » 
I I I 


o ivcm r- 
a in r. 
< o O' «- 

• • • 

co r- 


o r\j a- co 
a «r n it 

< c o cm 

• • • 4 

fv.cn • 

IT 


a. 

m 

cv 


*i c o <m 

►- O O ,£ 

o o r> 

m it 


fv 


O c c cv 

HOC*—* 

U O c f- 


h- 

4 

cc 

<4 


r- 4 c 
Oocr- 
* •—* *H -O 


• • • 

<v | -H 

I 


r- r <4 
tr co *4 

NOH4 

• • • 
*-» I 


4- c- r\J 
a o a; 

> ^ (V 

• • • 

CJ f-C 

I 


fvj n r 
rr tt N 
>-E(rO 

• • • 

H H (V 

I I I 


K tU 

a or 


Z M 2 
C to C 

M U ►- 

< a <j 
2 or 
o • <r 
<Zft 

«> M U. 
W I V 


►* 

u 

C 


to 



O O- 


2 to 2 
C to C 

HUi>" 


c •< 
<20 


LU 

o 

to 


o> 


c 

2 


Q 

2 

< 

l/" 

2 

C 


V 

I 


I 


r*- 



CM 

I 


o 

*o 

o 


CM 

o 

in 

o 


> cn rvj 

CM CM 
»■ r* CM 

«J o o 

C t i 

I 


> *> r- 

2 CM CO 


A-189 



ORIGINAL PAGE IS 
OF POOR QUALITY 


» m n ^ o h 

•^Or-*'OOC> if>rvj^iof^-«iA'Or«-m«»-»-io<Nir -«^'0 

■*■<£) -O <+ O' © 

H H n O J O 1 -l'HOO*-lF^r\jOrHOcX>Oma 333 >OCDO 

in m >r rH xs Mn 4 -oN«'»«rNift<r>Mr>NNHH 


NK HN -C -# h O- «M If' 
gOONDff H M M f 1 ^ 

tc m ® h m ec a 
o o~ ^ ^ o (Ti n nit 

#*•••••••• 

m<vfsjmmm«v«v«\icvi 


U> H O (f H I*' 

H cn O ® ^ 

i it ®OC m 

a. ir oom © a. 

O ir> cv «* •£ rr 

• ••••• 

m a h h c pi 


o>mpmMHiPNOfvjo j- n i-i e cr n 
.^cox«\im©Of"© «DSrH«omBh 
o«cc^N< r * r ^®r ^^* Hff ' ,Vfn 04 
mH 4 .porm®)^I;•J'lA^O'^^ , a •-* »«■ 
^P, P'J’iO'I'HO'hP'HP-P'P'ClflP' 

rnrrrjrororomcjrorrrrrcmcvjfMPorvj 


*» O © x * C if O P 
tvtni'w'tf' on S 

o o p c ^ (7 nPa 

a p-p-itpohpi 

OB'! <f FH H f ® ® 
(ONPPPNrlHrH 


if Mr c ir a 
^ o c o 4 <c 

C cv «V I\ r- m 

(7 sj- a. if «r O 

x r- »-i p c p 


4 h < ir n k —•iroc\^r-ir'©o©f-' 

in o ^PHOP‘r“^r«r‘'C< T 'if’H>£p 

C7<tC7H04IP0^4 O f* - CO X ■£) P If 

n d o m ir « p ir p fMC'-'rrirmo »*• 

• 

mrvjfv mrncv pi p. iv p iv P m h 


cd >o cn M *o *t *-* *0 

MOO’^O'J'O'MX o 
OM-J’ l 'JPC 7 'r H NP 
©©©tVDit-lf\*H©'M 
p MON p<NO FiN'f 


o P p H f\J o 

o IT in IT -O 

cj ip p r* if 

f\j 17 P ^ ro M 

CM lf\ CD x *#■ 


o^jSHppPirO'O^irpMOPN 

cr <r Ma.or-^i^MPOinHrjNTin 

MinHHin^mNNifNifC'fOOO 
(C(Vlir(?BMHmO<OC 70 > 74 , -l(*lO 
(\jmi\i'-*©©'— •X'f’cDr'iCT'mfvjfirOPl 


I I FlNM NHH 

I I I I I I 


MP N C 

I * 


^ ,_4 rH ^-1 I r-H (V) «— * | f\J l\l PJ M <\J C\J 

till I I I I | I I I I I I 


o ©irirfrrppFtcr* o 

p^eir tacrir 

^ H f IT IT X I"- D- 

,**rc.-o-x— '©xr- 
p ^ ® O © (V C"* f\I CV. r*« 
^HfHfHr'IVN^rn^ 


H m h <c m h h r r « r r-i rr, ©>*.*- ir cv m r-i it x 

©tf ® o C a ff o j’lniNiriffifwiCiPCf 1 «f h p. 4 if 

ro or -j- a a o ^paprpap't^r © x tr x >~i o 

m x x x ir r- oN^oif'r-'< r '©'»® 0 '»ir<y®ff 

^ H r h n p c. o o c o *- j D F-'f-o cv «~« <vi pi it 
HKPMHP CV fv f\ NHMPP<VHPPPPP*VP 


coroccccco 
oocooec coo 
orcCirOtf CK o 

p ^ ^ ® O r 1 r if r r 

C O r- C •" P ^ IP 

• •••»•••■• 

^ c* r tc c (i -J- x a c. 

pj w p ^ ip ip if tn tf> x 

4 c h p £ i C ir C p 

m r (\j 4 (7 a x *h r*- 

^■OBPOPT'PPO' 
CC D-CNSpPffPP 

mniMPP.WHHH*-! 


o © o o © c 
© © © o o c 
o o © o © o 
© © o © o c 
c c c o c. © 
• ••••• 
C © © © o © 


it . r- if c if t 
-j- © o o >r x 
O eg cm c\j r- id 

O' 4- ® IP >C o 
£ D- f^ H >0 P 
• ••••• 

© r- jo O' aj ts* 


©COCCOC ©oooc © c © © c 
c © o © o o c co©o©coo©o 
OirOKCiTCirCircifCirOiPO 
<r> x r- oocvr,irixa-©r-4<VH*xr- 

OCHPPPfP 0-0 ©F-tfp ■«* If x r- 

• •••••••••••a**** 

j) o m p ip r a h p ifB © cv «ar x a © 

N <\j p p p rr, m ^ ^ ^^ipipip®®^ 

n ^ ® Mr h ip o cv; r- u o o © r- 

X © NPiH®PMv»-rjP ® P IP H H 

O.IHOHHHNf'f -J- rn X •— * tf> X m 
P’f^'^O'f'POfJ-f^^OC'f'tPlP 
p( 70 WlP®P®PPJOHP®PC 7 'r 

• ■•••••••••••••a* 

PMI\jpmw(MMfVjPMPPiFH*H 


€VCO- 0 ‘ 0 '*OMG-'£! 

o P’ •J f'' p ff —i D m 
c (7 o W N' D- X •-* © 
P^CKHMC'-I^'f 


c P P rUV. O 

o- r- it x 

NinwMf c 

cv o r- ^ p- M 

f\j »r> r» oo x- * 


0 _ ^(^HPHiHlP't^lHIflPNOPN 

F -*0 ®M«ON^!H(NjP©IPH^'*® 

(\jir>HH®<OiP^NiriP ir b o O c 
a fvjir O'BMHmo^eO'f fFiPO 
n, m pj ^ c (7 ^ >o ® P O p (\j P p p 


f>- X © f- X© «~l CV CC. 

MaBmmppoCT'DH 

rHffl(VIPfV<®rjMD fV 
N C C c H O P © X X 
©cooooococ 


r~ ip r- >c 

I l 


o a, o c x x 
p I c o p p 
rH P O IP P n 
IV © D- <V © X 
OOPMOH 


1 H CU H H | M H (\J Pj M <M W 

lilt I I I I | I I I I I I 

in <r < O <f <f x cn x x d- *#■ n 4 r f- 

r- r- x hfh h h ix 

fnpnxinO'f- 0 ‘f'j<'JiDr-o^ixif>D>o 

\HOOOOrH(MPP^ ! irCM'f'f'f 

rHHHrlrtrHHHHHFlrlHOHHrl 

* r r i* r * r r i i i * i i i * i 


» cv rr, -r m x D oo o o 


h- «c o o H INJ P 4-IP^)SCOOHMP 
Hi-irtMrjpxrjpJMPMivPPPP 


r-C CV fr. «» X> X D CC O' © 


HPuP. 4 IP^)NCff © rH CM <*1 X IT- X r- 


A-190 


^ GOY SUPP&C^ ®*F$SU*F OT STRI HIIT T ON 

X R r>R/nx H 

fc2,8P5n 0 0 ,0000 2.5000 


ORIGINAL PAGE IS 
OF POOR QUALITY 


t\i i n « <0 9 
4- 'T H Ifl 
H ^ If) 1ft <»■ (*) 

— o O O O O 

a. • • » • • 


O 0 >OONH^>^NKHO«r« 50 [ftO 
lOMHMVJONiAN’OrniOOO «0 HiflN 
(Mr-»o«-»m'r>or-coooo*Hoo« 3 ^<» 

OOOOOOOOOOi-t*-«r^^-«fHr-tOO 


I 


I 


I 


-« <\j -r 
r- -o *a 
o o o 


-oinnNt 

OOOOOOOOOOOOOOOC 

I I I ( I I I I I I I t I I I I 


< ooa i ®oo»- 4 ^>or- 

K'flf. (« 0 SOOC 4 O'< , ttHnrtO' 0 CLCDlf>Ofl<Mr 4 MrtO 
CJOOOOOOOOOOOOOOOOOOOOOOOOOOO 


m r- o- © >c 
aecma 
o h w {« r 
o o o o o 


HmOOOO<MC4 

ooooooooooc 


I I l I I I I I I I l l I I I l I I 


K ^o®'0#fnnr4-^eM<cM 
© f- «■ a ** nj * 

♦-COOCOOOCCOOOOO 

I 

r> 

c. 


cv tv cj r- «r> *r> .j- «j- < <- m in in 

oooeooocooecoo 


HfjirONSaffKP m 

oc r »«©crn.-i<c©<«t&or'r*a 

^.n^r-nr-acco©©©©©©® 

oocoooooooooocc 


c n oc o »-* o if O 

r»»ifpp 

Q.OOOOOOOOOO 


•c e ("hoc 
r- >o m r- 
^ m -o r» » a> 
o o o o o o 


o o c c «r .h 

— « r\j cvi O .0 kj 
a- a o a* a< ® 
o o o o o o 


in rr jt a cv 

© © ff) -o o 

r- r- >c in in 

o o O O O 


h a. r o c r> 

^ ^ H O (D 

^ n n fn m n 

© o o o o o 


(> H in H BJ N -© CVJ 

<\rmm^-<-in«on- 

oooooooo 


a r 

w* © 

r- u' 
o o 


I I I I I I I I I I I I ( I I I I I I I I I I I I I I I I I I I I I I I 


DNMro^r j 

>H® NOWamiMfMMCN'Jff 
N(nO^®«\JifiPNf *OM«f If 
HCocOHHHM^rar'^r.r 

>•••••••••••••• 


C 0 P<f No««L Hoc-mom 
P ^)OI>>OPOSN'OM»CN 
^r-a/f«-r-^sOsrm^crr- in m 
mrf 


MifOH^inHN^NONsfmm 

NMy«MN-C 0004 -NHWHlfi 

i-t^r-'O'Tmmmninp^onjcno 


o o n. rr, m <c o >c >r sj- n . 1 

> p- mt a o < < r- *v oo 

'kC C 0 —■ m >o o cx <£> a 

3COCCCcO»^f-H 


I I 


in © o o o mp •»• pi ^ 
«*•> n n < r r«» <r ^ ® >f 
n-. «c cr n. «* 

n n pv r- r" r" rn n' m r- 


<c «r © r- 4 C^rmc r wh 

fOncmcMa opihic 
ro |t i\j fy c*. 


o if n < 0 <<C 00 <V 0 
Nrsjacfncwtf ©cm 
^ nnOCHPir h cc 
oooocooc©^-^ 

r r i i i r i 


c u- ^ cvj aj o <c©rr«»-if~i<r-ir -0 

> — a « N na p <rw 

a, h ^ ^ a p C P o N in 
>00©0*-t^Hr-r*^«-«n hhhh 

r 


v» nj if . < ou-'OP-a.n'fvoniin 
n or o m o cv f c < < o *-• p~ © 
<v© 'CnoriC^p'iffff 


l i I I l l l I l 


p m m h ^ i ^ On-a a •-♦ o < n 
r-mccL©<v<r©cr,n-rr<©a,<c 
f f if ^rnr->«Mpnrf' l rn.OOCK 

r r r r r r r r r r r r i r r 


C000<c^).0<0^£ 

•^0 POPffffPpOP 

• . • • 


<o«<c«<o<o^<c«<oin 

<C < «<0<0i0<c0f)<c« 

ppppppp a © © a 


ininininintninininmin 

o©©©©©©©©©© 


ininininmmmininmtn 
^ ^ c 4J « « 6 i 

©©©a©©©©©©© 


©COC.OCOOOO 

<000000000© 

kooooooocoo 


©oeooooooo© 

ooooooooooo 

ooooooooooo 


ooooooooooo 

ooooooooooo 

ooooooooooo 


ooooooooooo 

ooooooooooo 

ooooooooooo 


comcmotnoir 

F* H M MT, rn 


o if omoinomomomoinoiromo 
<■ <nfiin'OcNN« oc. o pooHHMNm 


inomomomomoiroir o if o 

fn<<inindc,n^a.!E©©oo<-' 


OCPP'fffOlf 

«c 

HOcr<J®Hmn 

~i -• o o o © a- n 


MirinHirMD^'i’rn 
©m©cnnfrfnr»r- 
wcrinHinaiM^r^ 
•^5 < m N O i K in pi 


pi o w m ^ ot in h 
ih o h Pin n a>o»M 


trinnjtn.oO'r© 

V inc (MHi KM 
ir^wmpi-iOD^ 
PI ^ O h ec CM? O 


©ooo©©<cco 
rv p- H' n <nj r\j r C/ «— 

k oho®«p ®-fn 

OhhhCOPP ® 


I | I I I O ,~(»-lr-<t-<.-l»-».-l^4«-IINJ<\J<SJIM<\J<\J«S)*-lW.-i 

I I 1 I I I I I I I I I I 


V 


Off>m<<-a:in*-minc\i 
Oj-KKPpKPpH'O 
oc ^j-MaifiHinO'N 
CrHpnmn a, O pj m ^ ^ 


irocDfPPOOOPP 

«\j^^f^CNjrgf»-mn<vnj 

P)(t|HCf®OrlOlif 

f-tt. 0 ‘ 0 * 00 «-i.~i»*«c 0 


<■ cc ofNininHine 
n «HNOinpr>P 
«: HpPMamHircr 


rr, r- n <©<nn-rrrnr- 
<\j < c cro<r>c<<M©in 
K If, m h o h m it r- ® o 


o 




->HNfn«nn<iNo 


<m«f-®©OH<vjfr><'indf-co©Oi-»rsjcn<in«©f*-OD©©r«injn 
HH HH^HMPJM(\jNMfJfv,nJMPPPPPPmPPP'<- < < < 


A-191 



7M5 MS.OOO .0666 -.110? -.0«0 ? .1364 -.046? .097? .0473 -.0500 


» o ON(tl ^ (M ~ 

o o o o o o o 



I 


I I I I I I I I I I I I 


I I I I I I I 


\acmoa <#^OMff'OH^0'O6H^HmfnON4'O4 <j- ir <c> 

r\j jr> ir\ if> «* ^HiroO'ftrwOffffNONH^^o^OWWO'l’ 
£<£i0O4<<Ctf\^o«KaOOC^CD<Cir«iHOHrn<r^<0^ 
0000©00000000*- l «-«©c000000©00000 

•* r r r r r r r •* •* r i 


if'r-ow^owaNowoir O'nh'-o-OK'OnNHircir^^'J' 
C %£ if'SeDO^&NmC^X^'OK'^^'f' -G©<Cf^r*-<r(X. 0'0 o 
»-*cccooooo a rj**OOOCOCO©OCOCCCOC*-< 
^^^-w^-t^^^-oooocooooeoocooocooco 


h- a f- ^ ft 

* r» r- & o 

^ n ro n J- 

o o o u o 


*©^iroaoc.C7r-rv«Lirac' r- a: e a: a< ir c © 

^oo^o®tfN'OO^o i <nirt-rf-<NJtt*\i^oomor-ir*<> 

< /un m to m> o- a I o n i ifi <r, m c o w n ^ m a, 
oooooooooooooooooooooooo 


I I I I I I I I I I I I I I I I I I I I I I I 


cotrrjsrm^-xo<x.a m^)^NNNi>woHmocPfyff«i’(\jN 
Hj'00 , o©«moinNinM)0«NN'r(yj'OMrr-u!cOH^ 
cONtMm(n^o*/irifnNcyoHOW‘B,C'rH»ip(Mao>rHr‘n 
oooCOCo^-'i-'r^fnfrifr^-sj-Nrrrmrrr'. 

* i i i i r r i i i i i i i i i i i i 1 1 i i i i i i i 


mwoH* toe oDifH^onj^arif'tt cn © r- m <v o 
C or. .j-fs.ifN^fvor-^cvr'.-i.d-inOLrr, <\ NCHivJinHHin^WM 
ac«-*^.*v»r<o»rir*rnr-eo * *o^*-^-»©'C<vc^cr>*-tc© 
C©COCOO*-i^-fVf«'r'r0f«mrr'fr»^i\ji>j«v.^^-«O©OC©O 

It * f 


«cn'Oco^^Ntco 
»r ir ** cc * rr f*. cc, <\ c m c* 

OOOCOCOOOCCCC-^*-'^'-' 


©f^r’. ^r^arrr. (> l r>f\(\.ir 

u r- 

r ^ r n o t L 'J- o r- r* 


I 


11(1 


I t I I I I I I I I 


iruTMTiruiMrifMfMnxi'C'C^-O^-O-CC'fit^^^'Ofci^^^ 

C>0>C^O*ro>C'COO'C^O«£)>0«COO^OvCOO,i,^)sOO^C 

occraaoaco-cao'ao'o-cyaaoaoao'ao'cco-a 


C-COC oocoooo ooooooooooooooooco 
coocoocoooooooccoooooooocoooo 
COCOOOOOOOOOOOOOOOOOOOOOOCOOO 

c inomoif'cincirioir otnoinoiromoinoinorioif o 

^Cvrom^j-sj-uTim^'Or-f^a: 

rv<vcv«\j<vr>.i{M(vfM<vrvfv«\;cvfV»\.rr'r'fOfr'rnmrorr'mfrf<rrrifr 


<x> st ^m^omif'C^rir-^inirirjin^oO'J'O'tT'OO 
Outrrr^mrf'r^r^<j-c>»r-r“rr)<»-r-rrc7-y. oMr-i^r-tv^f^m 

mc? ir\^tf>pN^ca oaD^4-MO'ir\^ino‘njf f >mp-tt’^oDOH 

c ■^rri*v.oajr-iom^-*o f F.rr>»fNr-«,oMf r '^r^c>r-«r cr o> o o *-• — * 


| I H H •-< p>4 H 

I I I I I 


M CVJ CM OJ 

I I I I 


Hinir(\iinct^(fO'oooa»’»«'Oir\MKMnHinc^-rwmo 
rrty mo»s>^-*«of^*vjfsgr^ifNp^fsjfMr' «c»-i<\joy'cyr^r*~ r-> m r- r- >»• o 
H«'0‘(\jmmHnjoDOHOro'f®Hmmwa(nrtiM>N^^BO 
cr a o oo«-t<-»r-tooocr d>^4ni\ocDMnnHO 


I > > I I I t I I I I I I I I I I I I I I I | | 


I © 


♦ m^r-a.O'OHfvj^'fin'ONCcaoHMn^ifiONeD 
+ '**r'T + '+iT^ir\ if- iritriiotr l tfsirN'Co^j<c^>ox)0'£i 


O' o hm n 
o r- 


A-192 




8*000 


** 

< ©N 

to 

H- • • 

*— 


X 

ADOS 


CM CM 

0 


a. 

O CM 

z 

CM O 

0 

•MO© 


tf> <\l 
CL r-C 
OD —i 

• • 

I <M 

I 


k 



1 l-l t H H H | k»HHHH | 



I •- 


I *- - 



e 




o 

c 

If 


£ ■ 

cm 


o 

< o 

K- c 

u • 


<1 o 
I o 

Q. O 


IT 


a c • 

CM 


IT 

or 


CM 

O 


cm r*- 


— o <-» 



h « tr> G 

•« o u ^ 

a m 


-* I 

© b- 

o * 

w o 


o 

t 


0 

1 


u 

or O 
O O 


<4. 


w 

tr cv »-* 

oiOO 

• — I I 

CM O U> UJ 

* w O >- - 

o a CJ 

o* 

■ • • 

10 -» 

X I 


co r-c 

O O 

— I I 

X OJ UJ 

m X <0 
> CM (_>•»' 

(j O 1 as 

• * 

CM * 

I 



I 

UJ 

Z C 


o 

o 

o 

<* 


o 


o 

o 

0 
• 

•J- 

1 


A-193 



STRATFORD SFRARATTHN CRITERION (LAMINAR) MS) • . 0 ??*? 


a O ® 

^ o cc 

© 10 tr 

a. © o 

• • 


v 

c 

v. 

* 

CL 

© 

© 


o c 
o m 
o o 


X 

e 


* 

a 


c «v 

O a 

© o 


c 





o 


* O C * © IT 

a. O *-* a. O <V 

© o © c o o 


© © 


« 

a 


r- n* 

o- a. 

L' N r 

> tr <v 

• • 

I fM 

I 


CV 


O’ (V *-H 
0 . 4 ^ 0 *^ 

© © o o 

I I 


CD C\J lT\ 
CL m © <0 
DJ O O O 

• • • 
I I I 


> CD CD 

>s. © xO 

h- m -*■ 

> C\J m 


* O IT fj *H 

• a «r tf 4 f^- 

-c c a m 

>■ • • • 

c rv r- 

c 

a: 


u ifN cr ^ 

a ^ c ^ it 

«x O N *r e. 

t • • CD 

<v fr • 
(V 
>C 


C. 

< © © o 
K o O IT 
l- u. © o r- 

T a: • • • 

>-> lf > LT. V 

C <T o 

e r 


« c c r 
t- c c r> 
u © © «c 

CD • • • 


If © ^ 

cl o r- 

ft «V CSJ 


X 


tv 

c 

IT 


O 

IV 


o 

IT 

r- 

o 


fs. 


CD 

H 

© 


IV 


it. 

-c 

o 


r 

c 


© 

z 

<1 

z 

c 


a 

h- 

DO 


Of 

a 


r* «* c 

O OD W 
Ki H H a 


IV I w 

I 


-J P“ lf> 
CD © CD 
V H HC 


IV I 



cl at 


z u>r 

C to c 

*-( U «-« 


hah 
< a <r 
Z ft 
© • < 


to 2. 


© 

fT «\ •— 

O <v >£, »- 

t«%i +■ I*- O QD V 

• » • o 

r-t 1 I > 


«£ r- tv 

o a. r-« 

> * o ^ 

• • • 

-h h rj 

I I I 


© 

LL 

J. 

IO 


c, 

DO 

I 


zwr 
C to © 


< a < 
z Of 
e • < 

< Z a 


* 

UJ 

© 



a 

<v 

O 


I 


>r 

CD 

rr 

IV 


<V 

I 


O N» 

iv ^ 

a, tv 

© ^ 


I 


-r ir 

m rr 


UJ 

o 


to 




o 

to 


© 

to 


A-194 


SUMMARY H P VTRTFX F I r L n AT X * 71.3*5 H * 2.11500 


ORIGIN At PAGE IS 

CB boor quality. 





© 

pH 

m 

r- 

CM 

cr 

CM 4 

r- 

m 

m 

H 

© 

pH 

in 

4 

<o 

«D 

4 

o 

pH f0 fO 

OD 

o 

fy 

fy 

4 

© O 

O 


CM 

pH O 

fy 

m 

4 

fy 

o 


m 

a) 

m 

H 

CM 

a> 

30 O 

a* 

© 

o 

O' 

pH 

O 

pH 

4 

ro 

m 

ro 

CM 

m 

■O CM 

ro 

pH 

pH 

o cr 

fy in o 

rt 

© 

4 

© 

CM 

m 

ro 

ro 

fy 

or 

r- 

© 

fy 

4 

O 

© 

cr yO 

ro 

CM 

© 

co 

o 

(D 

4 

ro 

fy 

CM 

CD 

CM 

fy 

CD 4 

4 

D 

in 

4 

4 

© ro 

© 

pH 

4 

O 

CO 

CM 

CM 

© 

in 

4 

y 

4 

m 

in 

X\ 

o 

in 

in o 

m 

ro 

CD 

cr 

ro 

a 

*o 

CM 

n 

r* 

pH 

4 

H 

yO fy 

© 

in 

O 

© 

m 

mom 

o 

cr 

CM 

cr 

ro 

in 

fy 

© 

O 

O 

ro 

r\J 

CM 

© 

r- 

CM 

co co 


ro 



-J 

CM 

4 

o 

pH 

m 

pH 

yO 

© 

CO D 

© 

fy 

CM 

CM 

co 

O 4 

© 

o 

4 

m 

© 

© 

4 

CM 

rt 



rt 

rt 



- 

CM 

pH CM 

fM 

H 

rt 

rt 

l-H 

II'. 

m 

yfi 

© 

4 

CM 

pH 

pH 

CM pH 

pH 

•-H 

CM 

CM 

CM 

«H CM 

pH 

CM 

rt 

rt 

rt 




pH 

pH 


© 

O 

© 

© 

© 

CM 

CM S) 

in 

yO 

cr 

fM 

f« 

a 

CD 

fy 

cm fy 

a> 

y© 

ro 

a- 

© 

«D 

CM 

pH 

o 

o cr 

CO 

pH 

4 

o » 

© 

m 

O 

© 

in 


rt 

IT 

cv 

O 

© 

mow 

© 

in 

4 

H 

fr 

CM 

yD 

m 

© 

O' 

CM 

«M 

o 

D O' 

4 

_| 

© 

© 

fy 

fy m 

ro 

fy 

m 

fy 

ro 

CM 


© 

© 

4 


o 

•4 

© 

m 

4 

ro 

© A- 

m 

CD 

a. 

in 

c 

in 

<D 

© 

CM 

o 

o 

ro. 

4 

tr o 

in 

4 

CO 

© 

© 

cm m o 

CM 

pH 

4 

CVI 

CM 

CM 

ro 

fy 

© 

iS 

ir 

© 

in 

cr 


r- 

A- r- 

in 

H 

O cm 

cr 

© 

in 

ro 

cm fy 

oc 

fy 

4 

O 4 

« 

pH 

© 

CO 

© 

4 © 

© 

CV 

© 

CO 

a 

in 

fy 

O 

© 

ro 

a t 

CD 

4 

© 

*“ 

© 

fy 

a cc 

in 

CD 

in 

in 

ro 

CM 

IT 

r* 

o 

yO 

4 

4 

® 

o r 

O' 

fy 

© 

© 

o 

— © 4 

4 

P- 

CM 

m 

4 

© 

fy 

m 

«r 


CM 

cv 

cv 

4 

m 

4 

CM 4 

4 

f\J 

CM 

CM 

CM 

pH 


CM 

ro 

a 

4 

ro 

CO 

it. m 

ro 

co 

4 

4 

4 

4 in 

CO 

4 

rr, 

fe. 

ro 

ro 

fO 

CM 

IV' 

re 














** 

pH 

pH 
























4 

a. 

4 

4 

cr 

pH © pH 

© 

© 

yC 

© 

re 

«r 

in 

t O 

cr 

o 

4 

4- 

m 

*o 4 

4 

CM 

fy 

4 

pH 

— < OH 


© 

■c 




O' 

O' 

fy 

O 



>— © 

4 

fy 

CM 

© c 

|y 

re. 

CD 

fy 

CO 

fy 

ro 

00 

© 

o 

fy 

m 

4 

re CM 

4 

© 

4 

ro fy 

O pH 

rt 

IT 

© 

rt 

© 

fM 

CO 

4 

o 

tr 


<4 

rt 

O 

© 

-C 

CV 

oc c- 

p- 

r—i 

ir 

if 

CL 

© o 

cr 

cv 

cr 

m 

p-> 

CO CM O 

pp 

© 

CO 

© 

© o o o 

© 

4 

4 

© fy 

fy 

© 

in 

© 

e 

cr 

© 

fy 

IA 

fy 

a 

cr r- 

© 

y£ 

o 

CM 

A 

rt 

rn 

© 

O' 

r 

ro 

ro 

IT 

O' a 

co cr 

cc 

ro 

pH 

m 4 

m 

pH 

4 

CM 

cr 

© 

fy 

c 

c 

m 

k 

fy 

ID 

•-* 

© 

CM 

4 

© O 

fy 

ry 

fy 

© 

cr 

rH 

ro 

o 

rH 

4 

pH 

O m cv pH 

m 

in 

rr 

fM 

m fy fy 

CM 

PH O 

rt 

© 

CM 

© 

CV 

© 

ro 


(VJ 

IV 

CV 

pr 

fe 

4 

r- C r, 

co 

*— l 


i— * 

- 

cr 

a 

© 

pH 

O 

4 

ro 

ro 

4 re 

ro 

ro 

4 

4 

4 

re 4 

re 

4 

rt 

CM 

cv 

CM 






o 

H 

© 

CM 

O 

© 

co cr 

in 

4 

O yO 

m 

CD 

ro 

fy 

ro 

4 

r* 

in 

CO 

pH 4 

m 

pH 

CM 

CM 

fy 

CM pH D 

pH CM 

© 4 

© 

m 

© 

© 

CM 


4 

CD 

© 

CL 

fy 

4 

cc >o 

vO 

4 

4 

CM 

© 

CM 

CM 

yD 

D 

© 

o 

4 

pm4 

pH f-H 

ro 

CM 

© © 

o fy cr 

in 

fy 

fy 

m 

ro 

© 

© 

m 

CM 

fy 


© 

4 

CM 

© 

© 

pH 

o fy 

cr 

© 

rt 

co 

o 

ro 

4 

4 

© 

4 

CM 

in 

D co r- 

fy 

© 

CM 

© 

CM 

U © 

fy 

rt 

CM 

o 

© 

m 

ro 

© 

4 

© 


© m 

CM 

<V 

CM 

4 

CM <M 

yD 

o 

m 

m 

4 

CM 

ro 

«C 

in 

CD 

<M 

O' 

yD 

© in 

4 

cm cr 

pH 

pH 

© ro 

© 

pH O 

ro 

in 

© 

fy 

pH 

fy 

O 

>- 

© 

r- 

in 

© 

in 

© CO ® 

in 

CM 

fy 

© 

ro 

in 

CD 

py 

© 

fy 

fy 

>D 

4 

in in co cr 

in 

ro 


fy © 

pH 

© 

4 

4 

ro 

m 

m 

4 

CO 

CO 


1 

1 

H 

pH 

pH 

t— C CM CM 

CM 

<M 

H 

pH 

pH 

yO 

yD 

fy 

© 


pH 


pH 

CM pH 

rH 

1 

pH CM 

CM 

pH pH 

rt 

pH CM CM 

CM CM 

CM 

CM 

CM 

CM 


I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I 



4 

© 

c 

ar 

rt 

4 

o 

4 

fy 

4 

CV 

pH 

pH 

fy 

4 

ry 

rt 

© 

fy 

» 

rH cr X 

IT 

O k 

IT 

rt 

pH 

CO 

pH CM 

P-* 

4 

rv 

fy 

o 

© 

O 

4 


a 

c 

4 

a 

a 

rt 

c 

r~ 

fe 

CM 

a 

o cv 

cr 

in 

4 

4 

4 

PH 

rt 

CM cr © 


4 

fy 

fy 

O' 

m 

© 

fy 

n 

4 

© 

fy 

c 

C 

IT 

© 

© 

k- 

cv 

c o 

n 

O 


© 

4 

r 

CO 

cv 

fe 

PH 

ro 

rvi 

4 

fy 

ro 

© 

CV 

4 O C 

© 

4 

a 

© 

c 

r- 

PH C 

ro 

o o 

rt 

in 

O' 

4 

CV 

pH 

© 

n 

<■ 

4 

fy 

4 

o 

CO 

IT. 

4 

pH 

4 

c 

4 

4 

© 

Cv 

O 

ir 

CM 

o 

CV pH D 

fy 

4 

a 

© 

m 

m 


o 

J 

CvJ 

a 

pH 

© 

© 

CO 

pH 

PH 


o 

o 

pH 

© 

O 

e 

ro 

PH 

PH 

Cr 

rv 

CM 

PH 

4 

PH 

4 

pH 

fy 

O 

o 

© P- C 

C 

a 

o 

e 

o 

e 

© 

o 

C 

ro 

cv 

CV 

cv 

cr 

4 

© 

© 


pH 

rt 

CV 

CM 

CV 

cv 

cv 

CV 

n 

CM 

CV 

CV 

CM 

pH 

CV 

pH 

CM 

PH 

CV 

fM 

CM (V CV 

CM 

pH 

pH 

cv 

CM 

cv 

CM 

cv 

CM 

CM 

cv 

cv 

cv 

CM 

CM 

cv 

CM 



c 

C 

c 

c 

© 

© 

c 

© 

c 

© 

o 

c 

c 

o 

o 

O 

© 

C 

o 

c 

o 

O C 

C 

o 

o 

O 

o 

e 

o 

o 

o 

© c 

c 

C 

© 

o 

o 

© 

C 

© 

© o 

© 

© 

© 

c 

© 

c 

© 

c 

© 

© 

o 

c 

© 

© 

o 

o 

o 

o 

o o c 

o c 

o © 

© 

o 

© 

© 

o 

C 

o 

o 

O 

o 

o 

O 

LU 

c 

IT 

c 

O 

ir 

o 

m 

c 

IT. 

© 

© 

© 

u 

o 

o 

c 

o 

© 

o 

o 

in 

o m 

C 

ID 

o 

© 

c 


© 

m 

o 

m 

o 

i r 

© 

IT 

© 

in 

© 

X 

re 

4 

© 

© 

O' 

rt 

cv 

4 

m 

fy 

a 

o 

rt 

o 

© 

© 

© 

© 

© 

m 

4 

© fy 

© 

© 

cv 

ro 

m 

© 

a. 

© 

r“ 

IV 

4 

m 

fy 

a 

© 

H 

fe 

tr 

o 

© 


o 


CO 

4 

u 

© 

fy 

© 

o 

rt 

© 

o 

o 

© 

© 

o 

o 

o 

pH CM 

Cr 

w 

© fy 

© 

© 

o 


fe 

4 

m 

© 

fy 

a 

c 

H 

CM 


© 

c 


© 

c 

r 

4 

© 

© 

© 

CM 

ir 

r- 

o 

© 

o 

© 

© 

© 

© 

c 

pH re 

m 

fy 

© 

PH 

m 

ir 

cr- 

© 

c\ 

4 

© 

a 

C 

re 

in 

fy 

© 


CM 

CM 

CO 

4 

IT 

in 

IT 

IT 

IT 

© 

© 

© 

© 







CM 

CM 

ro ro 

CO 

co 

co 

4 

4 

4 

4 

m 

m 

© 

m 

m 

© 

© 

© 

© 

© 


4 

a 

4 

4 

o 


© 


© 

© 

© 

O' 

CO 

fe. 

IT. 

fo 

o 

o 

4 

4 

IT 

fe 4 

© 

CM 

r- 

4 

pH 


cm fy 

a 

© 

© 

p* 

n 

cv 

© 

r- 

c 


© 

rt 

O' 

4 

n 

cv 

© 

cr fy 

CO 

© fy 

00 

fy 

ro 

© 

o 

o 

fy 

CO 

4 

CO CM 

4 

CD 

4 

CO 

fy 

O 

rt 

rt 

m. 

© 

rt 

© 

CM 

ro 

4 

o 

© 

KJ 

4 

rH cr 

© 

D 

CM 

OD 

CO 

rt 

rt 

in 

m 

X 

O 

O' 

o 

CM 

O' 

m 

rt 

CO 

CM O 

rt 

© 

CO 

© 

O 

o 

o 

c 

© 

4 

4 

© 

fy 

fy 

© 

in 

® 


© 

© r- 

in 

ry 

© 

O' 

N 

© 

© 

O' 

cm fy 

rt 

rt 

O' 

O 

CO 

co 

ro 

m 

cr «■ 

CO 

O' 

B 

ro 

rt 

m 

4 

m 

rt 

4 

CM © 

© 

fy 

© 

o 

IT 


fy 

in 

pH 

© 

CM 

4 

© 

cr 

fy 

fy 

fy 

Cr 

O' 

pH 

ro 

o 


© 

pH 

O 

in 

CM pH 

m 

m 

ro 

CM 

m fy 

fy 

CM 

rt 

© 

rt 

© CM 

© 

CM 

© 

CO 


CM 

cv 

CM 

ro 

rr. 

4 

rt 

cr 

CO 

pH 


rt 

pH 

O' 

cr 

© 

rt 

cr 

4 

CO 

m 

4 CO 

CO 

ro 

4 

4 

4 

CO 

4 

m 

4 

pH 

CM 

CM 

CM 

pH 

J, 



















rH 

rt 
























o 


cr 

CM 

C 

© 

ro 

O 

in 

4 

© © in 

© 

CO 

fy 

ro 

4 

fy 

m 

CO 

pH 4 

u 


CM 

CM 

fy 

CM 

rt 

© 

rt 

CM 

© 

4 

ao 

m 

© 

© 

CM 


4 

© 

O' 

» 

fy 

4 

CD 


© 

4 

4 

CM 

3D 

CV 

CM 

© 

© 

© 

o 

4- 

rt 

rt rt 

CO 

CM 

O 

O 

O 

f- 

© 

m 

fy 

fy 

m 

CO 

cc 

© 

m 

CM 

fy 

> 

D 

4 

cv 

© 

© 

rt 

o 

fy 

cr 

© 

rt 

CO 

© 

CO 

4 

4 

© 

4 

CM 

m 

© m N 

fy 

© 

CV 

© 

CM 

e 

© 

fy 

rt 

CM 

© 

© 

in 

cr. 

© 

4 

at 


O 

ro 

cv 

CM 

rvi 

4 

CM 

cv 

© 

O 

in 

re 

4 

CM 

ro 

© 

in 

© 

CM 

© 

© 

od in 

4 

CM 

o 

pH 

rt 

© ro cc 

pH O' 

co 

m 

cr 

fy 


fy 

O 


© 

fy 

m 

O' 

if. 

© 

ro 

a 

in 

CM 

fy 

© 

CO 

m 

« 

fy 

© 

fy 

fy 

© 

4 

in m 

© 

© 

in 

CO 

rt 

fy 

© 

rt 

© 

4 

4 

ro 

m 

in 

4 

co 

fe. 


1 

1 

rt 

1 

1 

t 

PH 

1 

CM 

1 

CM 

CM 

1 

CM 

rt 

1 

pH 

1 

rt 

i 

© 

© 

1 

fy 

© 

1 


pH 

pH 

1 

1 

CM P* 
1 1 

pH 

1 

f 

rt 

1 

CM 

1 

CM 

1 

v 

PH 

1 

i 

PH 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

fM 

1 

> 

fy 

rt 

© 

O' 

fy 

D 

O' 

pH 

CM 

a 

4 

4 

cv 

o 


C 

o 

4 

© 

m 

4 

4 O 

4 

4 

© 

CO 

© 

© 

fy 

4 

CM 

© 

fy 

fy 

fy 

4 

© 

m 

© 

y 

CM 

cr 

cv 

CO 

m 

O' 

cv 

© 

© 

pH 

ro 

ir 

© 

CO 

© 

© 

o 

CO 

fe 

4 

fy 

f- © 

cr 

© 

© 

© 

m 

fy 

fy 

4 

pH 

rt 

fy 

pH 

© 

© 

CO 

fy 

fy 

T 

PH 

© 

CM 

in 

cv 

a> 

fM 

CM 

fy 

CV 

a.. 

rt 

O 

pH 

m 

O 

m 

ro 

CM 

CO 

ro 

© m 

© 

fy 

O' 

CM 

CM 

m 

fy 

o 

rt 

CM 

in 

»y 

o 

pH 

© 

fy 

4 

< 

CM 

c 

o 

o 

pH 

O' 

fe 

cr 

4 

© 

in 

4 

4 

CM 

© 

fy 

cv 

O 

© 

CM 

PH 

© © 

O 

O 

pH 

CM 

ro 

cr. 

© 

in 

© 

CM 

4 

4 

4 

ro 

CM 

CM 

rv 

e 

© 

o 

o 

o 

c 

o 

O 

o 

© 

© 

o 

O 

C 

© 

o 

rr 

CM 

o 

PH 

pH 


P< pH 

pH 

P-» 

pH 

pH 

rt 

pH 

rt 

rt 

rt 

O 

rt 

o - 

rt 

eH 

pH 

pH 

pH 
















I 

co 

<M 

1 

I 

r 

1 

r 

1 1 

» 

1 

1 

1 

i 

1 

1 

i 

i 

1 

r 

t 

i 

1 

1 

t 

1 

> 

pH 

CM 

re 

4 

in 

© 

fy 

© 

O' 

o 


CM 

CO 

4 

m 

© 

fy 

© 

O' 

O 

rt 

CM CO 

4 

in 

© 

fy 

to 

o 

© pH 

CM 

CO 

4 

in 

© 

fy 

CD 

© 

o 

z 










pH 


PH 


pH 

pH 

PH 

pH 

pH 

pH 

CM 

CM 

CM fM 

CM 

CM 

CM 

CV 

CM 

CM 

ro 

co 

CO 

co 

CO 

co 

ro 

co 

CO 

CO 

4 


pH 

CV 

CO 

4 

in 

© 

fy 

© 

cr- 

o 

rt 

ro 

cn 


CV 

CO 

4 

m 

© 

pH 

CM 

rf) 4 

m 

© 

fy 

to 

O' 

o 

pH 

rv 

co 

4 

in 

© 

fy 

CD 

© 

© 












pH 

rt 

rt 

rt 















pH 

rt 

PH 

PH 

pH 

pH 

pH 

pH 

PH 

pH 

CM 

CM 


A-195 


CENTROID OF SHFD VnRTICITY 

GAM/V Y 7 

♦Y BOnYf .5220* -1.9750* ’.QOOflO 

-Y 3nnY* -?,57M6 -1,09502 2.03P7* 



B no Y SlJRPAC p PRr^SUOF D I c T o \ o iit y nN 
X P OP/nx 




-.©Nisj^roO'f^^^'Cmam 
HaMrnr»^nNOHN 4 r « 0 ©RH 
«— OOOOOOOOOOOOOr-t 

o * * I I* I I I I I 


OHIDDO-O^O^D'f^HH 

tfiiOHlTiP > -inH>D®C>OOH(NJ 

<Ni ro >T 


I I I I I I I I I I I I I I 


RS 04 -'tN 4 ’H®HB(\)HN 0 

ooooooooooooooo 


( I I I I I I I I I I 1 I t I 


KiAir^ 4 , ^(vtfvj 4 h a ^ 0 Dr-**^CT‘^r^iTif-i<i'f'i^' 0 ^^c^f , “«o^ocvo« 0 OfnKi«cr*-^^mrj«»’ 
o. o<o<c»ri^ ^ n o & cc t- ^mmpjHOOHHrjMPJpopjwf^j^^^ 

c_>oooooooooooooo^-'-^*-^^ooooooooooooococoooooo 

r r r r •* r r r r r r r r f r r » r r r r r 


khorprchnu^ HifiOtf i 'wRNi fc ‘^c ,- ^P ,rH,t ^'C , r'iP<f , C' 0 |r ' w P ,t ' ,y, *'*J s *^ w 
#*. r- a mo otv rr *» iT' ® a. a ofv J <j'U'r* 0 *»-'< r >'Ca- om<roD.-**fr~or r '"CO<virr w cromr»ifvi.-t>j 
vocoOH,-rtWrtHHHtvjNW\PjM* r^r'r;"*''*.**ririririO,r«>or‘r‘‘f-ax«:coa:a ar 
c c oococ ooccoooooocooc OOOOOOOOOOCCCOOOOOOOOO 

z ••••••••••• * 

a 

o 


rr r- u ^ o c m/- < * * oac o ^ u rr <t ^ u f**cf*cc*r-r‘f-r'<c^*r , -»*c-n*cr-cc<tfrrir 

s:-j'fNjor^inoi^'»-*<x^'<xOrotf>^-fNjcDmif%yDir>f r >0'J'Oojm<crja>o^>— <Of s “f^ocOo»-*o-tnr^a3 

a.oooooooooooooo-H~.~i.H-i^.r-»^^oooooo©ooooooooooooo 

r r r r r r r r r r r r r r r r r r r i » i r r 1 1 » ■ i r i r r r r » 

o 
o 
x. o 
u> 

oj > (M flp ® a ®n(Mvi(fiMNOO ®9 

►~OCOt-<»H^Hr>j<v Mrnmnr-'J-'rY st ■j ^ r, (r n ri r m (\i ts. rvjtvrvirsjcvjoa*- 4 *— <*— i»— <•— 



I 

o 

o 

cr 

o 

• COli'O^^HPJfflT fV^C'J'U a (\j^O Ma^ri'CnCH'f <T> O (7 nJ-CC <C^>TX.£0<V0<C^' U~ 

c > m o c tr r- it r- f\ c o- r- •£• a *■ <» > it it o tr ox.-itvor'-mr^iv c r- o 

'^oocev'j-r- o ^ x r-i in o cair a c ru rv, o cr -c ■» *-«cc>r*-(rmfviO'r* tr m h o w ^ ^ ^ ^ 

*■ *$■ -x ■«» >rr r 'r r r'"irof\rvcv ^.-.--coooeocoeoo© 

rr * * 1 1 i 1 1 1 1 

e 

IT\ 


r >HffdircNCffrNi a ■-» x o cr * r-or-r^irmc^-iff ©a cr ir h f p o or f r in cr o <\> 

f 4 o N ^ C c*"* h Or'^fXO.-.-iCV fV.-lr--<f“‘COOCrC 7 CTff '£r r ' 0 ' 


I I I I I I I I I I I I I I I I I I I I I I I I I 

c 

lf\ 


s^aoatjffo 0 ' 0 , ffOffocMM^(M?foo o-oc^ca‘ 0 ‘a , &oo o^o^owcr&crcro cr 


c o c 
< c o o 
k e c o 

uj • • • 

cr o m o 


OCOOCCCOOOCOOOO 

ooooooooooooooo 

oooooooococcooo 

• •••••••••••a** 

ir oircmoiroinoirotnoir 

h rv t<i rr ^j-mm^c^cr-f^eDa; 


o c c o o o 
o o o o o o 
o o c o o o 


ooceoooo 

cooooooo 

oooooooo 


cirioiroiroir 

cvisirom-x^i-mu- 


o o o o c c 
o o o o o o 
o o o o o o 


w o c o o 

o o o o o 

o o o o o 

• • • • • 

Oir C if' O 

o o o o ^ 

H^(M(M(VJ 


DOO'a«To-c«'fMifif'Hif'«^^nfnonn^#« irrtinmNi^cc^CROOORO *s tr <j 
4 nr^<vjfMr*'r-«f\iotf > ' 0 ‘»*'. r^fomr^r-siro^fr»r^mfnr«-f»-cr»rof\j-H^f^cM(sjr^(nr-«vP<jr^<®eH 
f* O U <r®r-irOrn(vOiTr-tmOfM«rO«r 0 ®® 4 MPirHlf'(y(VJfrinH®«teCH 0 ®«l'®Hl»l 

«-» ,-i o o cr o> xr-^'^r'«voxr- tf>m^-o.-tr r >»rNr“-xo<vir^>4- *c « c croo>--if-i^oocrcrx 

<VtVfVfVr-l— I I I I I O 

I I I I I i I I I I I I t 


O^r*- f^pomr-f^<>«rorur-»cr^fNitvf^ kf\r-fM»Mf^'£rf~irvJOkr'(ypnf^r^mr>-r-'j- 0 '* r- r- m r 
O * £ <T im? if\HlftffM< T >rtH®^CO^OC^CHmmNfflf'Hlf'ffM4®®OC'0'tNRlf' 

Criniif.hroNfntffNctaffooHHHOoaoccNC^nNoa/Sif'P'HOHrufihso 


O I I I I I I fj 4 


-»^t\jm^-mscr-tt 0 “O^^irn>j-m^'r-ajoor-icsjrn^m^r-xo‘O«-»fvjm^ir''£)r^ 0 DO“Ow<Mm 


A-196 


2131 1.7325 215.000 .<3663 -.0*16 -.03?! .0526 -.0267 .000* .067* -.0273 


<o<omOa)i>NoOeo^oonHirMn^a#ioOHit|^(M^o 
m NN(MHHH(\MnH(nirth>ao(Sich>oinm(MOONrn4 > irtif)in 

ooooooooooooooooooooooooooooo 

i i i i i i i i i i a i i i i i i i i i i i 


ocoooooooo 


ONN^NNMHM^r^rOHHOCifMVje 

«:rH^c\.irmr».r-^ro*»t>r*o-4-r-ccNr'if» 
h ir^ oroorN^MrwNOON^^^^-C 
OOOOOOOOOOOOOOOOOOC 


I t I I I I I I I I I I 


n O cr < cr «o ri c n 
rvt\ ocirmm^-ior-m 
<? a or a a: c ol a ac >r 
oecoeccooo 


•d-moM>»-fnornn-,-i,Csr,-ior^irr>M«-i 

M(\JH<MM«\.HiNOOOH\Nfr m <C ^ 

^coccoooocooooocooo 

ooooccocooooooooooo 


I I t I I I • I 


u hit 4 C 

m m rv o co 

M M M — ‘ ♦ 

o o o o o 


h r «c r> w 
s N y as 

—I r-t »-* m ^ 

o o o o o 


o n r it o 

o o m o *n 

m >r >o r-^ r~ 

o o o o © 


«c o r «\j c 

r- ® m «#• m 

3 0 0 0 0 


Mm o 

D ® N 
MOO 
O O O 


O y kn 
rg in r*- 
rg ro >f 
O O O 


*C tr, rn 
>0 M ■$• 

n vD yO 

O O O 


I I I I I I I I I I I • I I I I I I I I I I 


£rr'roNfroH4-HOoOMf-<oirO-f®ctir>>oiMiririU>®ffPjro 
MM’M>N«9Mr)onHir\o£c^^i<f9oa)<faDOHtM(M 
r- oo a> ol s.o^fvjW'NnO'Onoif'H 
ocococoo*— MMmr~cnrr. mfMnminiMMUNHH coo 

i 1 1 1 1 1 1 1 1 1 1 1 • 1 1 1 1 1 1 1 1 1 1 1 r r r i* 


^ Hff J h 
<C rv a m 

C r- H IM\J 

ococc~ 


in r (\i o r 
® m * c (\ 
<v *■ n» cv c 
© c © .-• *> 


c c g f'-r^woo-’tf.-i^-CTooOf-'^'Do 
c hit hit o r y yjecor h 
O < < h i.invjO'iryffifHdif'r. nCO 
m m rn n- r" Mrr^fuHHHCOOOCO 


» 


I 


^ h g h ^ n a Maccc.iv C4«v.Niriy^H«>NOif m *-> c m o 
<t v a r in^r^^-^-Gcoo*no'r<fOO^r-<0€vr->oof'WMi-» 
on^HH^HMr,HCr'-frwi'o-ir, i r‘. rrcirir^cirH 
C OO OOOOOOC OOC hhnhcjn('J<MIMWpihhOC O 

i i i i 1 1 1 1 i r i i i r i i* t* i i 


m rr >r >r 
^ ^ 'C <C 

a croo ff(?ff(M 7 ffooa(Mrffffff(?«M^»a(M?a'eoo 


cooooooc 

oocooooo 

eocooooo 


oooooooo 

oooooooo 

OOOOOOOO 


oooocoooooooo 

ooooooooooooo 

ooooooooooooo 


c if' c «■ omcm 

fvjpjwr^-Tinir 
M) n <v M CJ M M <\ 


oriCinoifOif.CK'OinciooK'Oif'Oif'O 

MMiMCVMMMM^mmmmmmf^mmmrrirn 


cv, in in i-i in 

C * . O m f*» 

(v cr n ^ n 

-C ^ r n 1 c 


a? * m m c- 

m m r- n ^ o 

tV M <5 C O 

«e> r» in m o 


mmgr't cm-4iMrwtn£By#-affoo 
•d-r^n-m rnr'-mo- m o m >h ® n- mmn in 

c^dW(>inriin!TWnfOH®-J»OH 

H(TlflNoOOWW^<h*ffffOO»<H 


I HHHHHHHpIWNMNN 

I I I I I I I I I I I I I 


mm <\jn « «. >j cn 
a If o m *- ^ N CV 
in p Mmm, wa ^ 
m>>^)n-a,o-0‘C 


o © © o o O' *r a. oiMNHrwHio* ^ f n r, o 

Mn*ir>f-M«vjf^^«-»MOinomr-fnrntn-N^o 
®Ohoi ^©HfnnMtMftHina rj «r ^ ® © 
o .-t o o cr o a> r~ ^^•mMioa^r-nn^o 


M <\l M M M M CJ 

I I I I I I I 


r-t ^ I | | | | O 

t I I 


^if' 1 flseaoHNm^in«KeD»OHNW^ru)N®aop<Nm 
^ ^ ^ mmm*nirmmtf>m»nooo^3<o^^o^j«^3r-Sn-n- 


A-197 


12.00 


ORIGINAL PAGE IS 
OF POOk QUALXTYi 



o 

o 

o 


o 

o 

o 

• 


c 

0 
c 

* 

•* 

1 


A-198 


CMO() CY(X) C*>(0) CP(QO) CP(IBO) (REPARATION POINTS) 

A.720F-02 A.A11F-02 6.A31F-0? -I.163 c -01 -4.928E-02 

V Z BETA 

C s CM CV CP CSL -.595 2.020 196. A 

2.725P-01 — 1 • 070 F *0 0 -3.06*F-O1 9,R67f:-01 -A.619E-17 -2.109 -.132 273.6 



ort^-tnae page ist 

OF P-PR QUALITY 


O 

o 


c Off 
^ O •— 1 

« o c 

£1 * * 

O o 

c 


> 

c Cl es 

^ o a , 

♦ o o 

a. • • 

o o 

c 


u 

tsj 


O' 

o 

co 


cv 


o 

O' 

m 


I 


o N 
C CV 

o o 


^ o 

tr* ac 

cv f \ 

CV! 

• • 

I (VI 

I 


m- *o o> 
a . 'T fH ■ J ' 
w o lH o 


o 01 -#■ 
a. n r* 4 1 
o o o o 


II III 


CM 

m 


X 


C / * fr O 
a £ a oc 
•* O M «~ 


C O u. 

»- c o ir 

LL. C O rr 


I O O ft 
© C P- 
O c tr 

com 
cv o h* 

CV CM Cv 


u c 2- 

o <m 

KHOO 


o r cv 
Cv (V tn 


O u ', 

0^0 
O ^ U 1 


O' f- c 
in co o 
> r-1 O ^ 

• • • 

H H (VJ 

I I I 


Z tr z 
O Crt c.- 

h a K 

Q < 
7 tt 
O * <1 
< Z a . 
►- »-t u> 
Irt L 


uu 

C 


z 

z 

=5 



CM 

O' 


c 


•“4 CV 

-c 


K 

u ; 

o 


(/I 


>- > 

+ I 


A-199 



SUMMARY CF V[jRTEX F I FL n AT X • 79.°0S M - 2.11500 



Cl 

© 
o e. 


© 

a 


L. 

u. 

X 

v 

> 


> 


T 


p 

o 

© a> 

m 

4 

P 

p 

o 

m 


o 

o 

4> 

© 

P 

4 

O' 

p- 

PO 

O' 

m 

CM 

O 

CM 

O 

4 

© CM 

4 

P- 

CM 

pn 

O' 

O 

© 

© 

4 

© 

4 

m 

c 

© 

© 

O 

O 

© 

© 

«r 

a 

m o 


43 

p 

o 

rH 

p 

CO 

o 

o 

m 

p 

O 

m 

© 

© 

4 

p- 

4 

H 

© 

-H 

CM 

© 

© 

CO 

4 

4 

© 

o 

p- 

pn 

© 

O' 

CM 

m 

O 

p- 

CP 

m 

© 

4 

© 

P- 

o 

4 

o 

© o 

o 

O 

4 

P 

CM 

y 

4) O 

o 

CM 

rH 

© 

o 

H 

© 

P- 

4 

m 

43 

H 

41 

41 

4 

4 

© 

O* 

© 

© 

CM 

© 

4 

m 

4 

O 

© 

© 

pn 

CN 

p- 

CM 

4 


cn 

ft 

x> 

p 

V 4- 

© 

4 

CM 

4 

4 

O 

m 

m 

o 

CM 

in 

p 

4> 

4 


4 

© 

m 

O 

o 

CP 

O 

O* 

CM 

© 

© 

O 

O' 

•-* 

© 

© 

CM 

CM 

m 

© 

© 

© 

4 

4 

PM 

O 

CM 

© 

ft 

p 

© 

O 4- 

m 

—C 

© 

CM 

m 

p 

CM 

m 

in 


H 

o 

O 

r> 

o 

P- 

o 

o 

CM 

m 

m 


PO 

© 

o 

CM 

H 

4 

© 

CM 

4 

CM 

© 

© 

4 

© 

© 

p»- 

4 

© 

fP) 

CP) 

p-c 

ft 


y 

y CM 

CM 

CM 

ft 

en 

m 


ft 

rH 

ft 



ft 

ft 

4) 

43 

43 

43 

© 

CM 

CM 

CM 

CP) 

CM 

CM 

CM 

CM 

pn 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 



P* 

ft 

*-* 


ft 

© 

© 

© P 

m 

4 

O 

© 

in 

o 

4 

© 

© 

a 

in 

CM 

CM 

© 

H 

*-» 

O 

o 

© 

P- 

O' 

O 

O 

© 

CM 

© 

CM 

r» 

© 

© 

O 

CM O' 

O' 

O' 

IP) 

pn 

© 


pn 

© 

CM 

4 

o 

r- 

H 

y 4. 

® 

4 

pn 

© 

© 

If 

© 

CD 

© 

p 

O' 

o 

43 

4 

4 

© 

cn 

p> 

CP 

4> 

p- 

© 

H 

© © 

© 

4 

o 

CD 


CM 

o 

CM 

4 

© 

4 

© 

O 

CM 

4 

pn 

© 

CM 

f- 

4 

4 

C CM 

4 

p 

(7 

p 

© 

a 

in 

4 

4 

pn 

IT 

CM 

CM 

© 

pn 

O 

O 

ifj 

© 

P- 

p- 

41 

© 

O 


o 

cc 

© 

4 

CV 

4 

cn 

O 

O 

© 

O 

CM 

© 


C. 

a 

© 

O 


p 

CO 

CM <f 

m 

CM 

© 

© 

43 

® 

H 


P 

p 

pn 

© 

4 

© 

pn 

P- 

o 

4 

4) 

43 

43 

O 

© 

m 

ft 

O' 

© 

p 

-H O 

© 

o 

4 

P 

© 



PT 

© 

CM 

4 

O 

4 

©. 

p 

ir 

CM y 

O ir 

a 

© 

O 

p 

4 

© 

** 

pn 

4 

CM 

CMJ 

CM 

4) 

CMj 


4J 

4) 

© O 

43 

O CP 

4 

p- 


CM 

pn P- 

CV 

p- 

pn 

m 

cv 

© 

© 

a 

O 

CM 

O' 

p 

4 

fn 

f r 

m 

•4 

© 

4 

m 

4) 

p 

m 

CM CM 

m 

CM 

CM 

CM 

CM 

4 

4 

4 

4 

O 

4 

4 

© 

43 

© 

© 

4 

4 

© 

© 

© 

4 

© 

4 

© 

© 

© 

IT* 

© 

CN 

• 

m 

<\J 

l\J 

«\J 


















H 

^■1 

H 


»-< 



























© 

CD 

© 4 

r 

ir 

4 

O' 

o 

4 

P 

O 

CM 

CM 

O 

o 

4 

r^ 

© 

4 

o 

o 

m 

P- 

© 

w p- 

C3 

O 

© 

© 


© 

4 

© 

4 


O 

© 

© 

*— ♦ 

O 

© 

cp) 

p 

4 

CM 

ft 

O' 

© 

y O 

rH 

c- 

y o 

y 

P 

4) 4> 45 

4 

4 

4 

4 

CM 

43 

4 

© 

4 

o 

© 

© 

O 

4 

O' 

CM 

m o 

fH 

P- 

© 

IT 


pn 

© 

4 

© 

© 

a 

© 

4 

© 

O 

© 

c 

tr 

p 

P 4 

O 

© 

If 

r- 

t 

m 

pr 

CM 

H 

pn 

© 

O 

If 

O 

O 

4 

o a 

l-H 

P- 

4 

© O 

c 


© 

fp. 

© 

o 

a 

4 

CM P 

m 

© 

4 

4 

a 

n 

o 

4 

o 

CP) 

cv 

e 

o 

4 C 

«-H 

cr 

fO 

rH 

© 

4 

y 4 

o 

pr 

P 

© 

ff 

4 

4 

© 

ft 

CP 

ft 

P- 

a 

4 

CM 

4 


© 

p- 

»-* 

© © 


P 

a 

© 

c 

P 

P 

© 

o 



OL 


CM 

o « 

O O 

© 

a 

p 

IT- 

p 

P 

a' 

o 

pn 

O 

O 

H 

CM 

o 

CM 

O 

CM 

© 

ft 

4 

pn 

© 

© 

CM 

© 

H 

© 

CM 


© 

© 

pn 

CM 

PM 

O' 

O 

CP> 

p- 


o 

© 


P 

4 

cm 

cv 

r *t 

4 

m 

CM 

4) 

4 

CM 

y 

ft 

CM 

y 

CM 

CM 

CM 

H 

CM 

•H 

m 

c 

4 

4 

4 

© 

4 

© 

f r 

4 

© 

© 

© 

4 

4 

4 

4 

4 

4 

© 

4 


n 

CM 



* 

* 

















* - 

«-H 

H 

r- 

I-* 



























m 

4 

CD © 


© 

in 

O 4 

in 

CM 

ft 

CM 

m 

p 

O' 

pn 

P- 

P- 

© 

4) 

o 


m o 

O 

4 

© CD 

m 

CD 

CP) o 

CM 

P- 

© 

© 

© 

© 

CM 

CP) 

© 


o 

O 

4 

O' 


IM 

>r 

© (7 

o 

© 

© 

y 

4 

© 

C 

© 

43 

CM 

4 

P 

CM 

o 


r- 

4 

r- 

O 

4> 

CM 

P- 

O 

CM 

r~ 

4 

O' 

© 

4 

® 

© 

CD 

© 

© 

CM 

CM 

© 

© 

o 

© 

P- 

O 

© 

© 

cm 

© 

O' O 

p 

p 

CM 

—C 

4 

rn 

in P 

p 

p 

o 

m 

CP 

m 

© 

4 

© 

w-< 

41 

© 



© 

CM 

m 

<M 


© 

m 

m 

CM PM 

m 

© 

<M 

pn 

m 

r- 

4 

© 

o 

m 

cn 

cn 

© 

4 

y © 

n 

o 

CM 

<r 

p 

y 

© 

-4 

© 

e'- 

p 

43 

p 

CM 

o 

4 

4> 

o 

O 

O 4 


© 

CM 

m 

O 

r- 

CP 

pp> 

P-4 

fM 

m 

© 

P- 

a 

ft 

O 

cv 

CM O 

pn 

m 

cn 

ft 

CM 

y 

O CM 

CM 

m 

p 

H 

o 

4) 

<x> o 

O 

en 

CM 

p 


o 

o 

P- 

4 

O' 

CM 

O' © 

4 

o o © 

4 

© 

p- 

CM 

m 

© 

p- 


CM 

© 

4 

© 

M 

CNJ 

© 

© 

© cn 

m 

CM 

CM 

CM y 

CM 

CM 

CM 

CM 

H 

CM 

y CM 

CM 

H 

ft 

1 

r 

o 

© 

P- 

43 


CM 

~c 

CM 

»-» 

PM 

rN 

CM 

CM 

r4 

1 

H 


CM 

i-t 

CP) 

fp* 

H 

CM 

cn 

PN 

CM 

CM 

CM 

CM 

CM 

CM 


i i i i i i < i i i i i t I I I I i l I i i ( I i i I i l i i i < i i i i i i i i i 


P 

r- 

© C 

c 

P 

rH 

© 

o 


© © 

P 

pn 

© 

4 

4 


© 

CM 

CD 

4 

© 

© P 

O 

p 

P 

© 

4 

o 

© 

O' CN 

o 

© 

© 

4 

© 

CM 

O 


o 

© 

O 

p 


ro 

c 

o 

P 

4 

O' 

4 

P 

ft 

<\ 


o a 


© 

cn 

© 

a 

4 

© 

cn 

ff 

© 

P 

ff O 

P 

cn 

m 

© 

P. 

If 

O 


© 

CV 

O' 

CV 

a 

pn 

CM 

O 


© 

O' 


a 

© 

n 

fp 

P 

CM 

pn 

* 

a 

If 

CM 

© 


H 

4 

4 

© 

IT 

P 


f 

o 

© 

Pn 

o o 


O' 

o c 

o 

4 

P 

4 O 

© 

© 

© 

© 

© 

4 

© 

© 

© 


© 

c 

O' 

© 

p 

p- 

CP 

4 

© 

C 

4 

© 

© 

fn 

© «r\ 


© 

«-» 

O' 

4 

O 

m 

P 

© 

4 

a 

pn O 

CV 

pn 

*-• 

© 

o 

pn 

or 

pn © 

K 

ft 

© 

p 

»— i 

© 

© 


© 

*-* 

O 

© 

PV 

cr 

ft 

H 

CV 

o 

C 

ft 

CM O 

o 

P 

CM CM 

CM 

H 


o 

a 

4 


4 

c 

P 

C 

© ft 

o 

c 

O' 

H 


O 

© 

O O' 

C © 

«-J 

1-1 

© 

© 

rH 

cn 

Cv 

pn, 

cn 

4 

IT 

ir 

CM 

Cv 

tM 

ft 

CM 

CM 

CM 


*— < 

Psl 

CM P 

CV 

CV 

CM 

ft 

H 


CM 

ft 

CM 

f 

CM 

CM CM 

f 

CM 


CM 

CV 

H 

r* 

f ft P 

CM 

CV 

cv 

CM 

CM 

CM 

fN 

CM 

CM 

cv 

pn 

PN 

CM 


C 

C 

C 

o 

C 

c 

c 

O 

© 

© 

o o 

c 

© 

© 

o 

© 

O 

© 

© 

o 

© 

Cj 

© 

c 

C 

O © c 

© © 

© 

c o 

C 

c 

o 

© 

O © 

C 

C 

o 

C 

© 

C 

C 

o 

o 

o 

c 

coo 

o 

o 

o 

© 

© 

© 

o 

o 

O 

o 

o 

© 

O 

© 

o 

O © 

© © © o o o 

C © 

© 

coo© 

c 

© 

© 

c 

© 

© 

o 

© 

© 

© 

© 

© 

c- 

© 

© c 

© 

c 

© 

o 

© 

o 

© c 

© 

© 

© 

© 

o 

© 

© 

© 

o 

o 

© 

O tr 

o 

© 

O tr 

© © 

o 

© 

O 

© 

© 

© 

o 

if 

o 

© 

c 

If 

o 

If 

C 


o 

P 

4 

© 

a. 

o 

»H 

CM 

4 

© 

p 

© 

© 

»-* 

4 

© 

p 

o 

© 

© 

© 

© 

o 

c 

fn 

4 

* 

p 

O 

© 

CM 

m 

© 

© 

© o 

ft 

p 

4 

© 

p 

a 

c 


cn 

4 

© 

P 

a 

O 

© 


o 


pn, 

4 

if 

© 

p 

© o 

rH 

cn 

4 

IT- 

© 

© 

© 

© 

© 

© © 

O 

o 

rH 

CM 

cn 

u 

© 

p 

© 

o 

o 

f 

cn 

4 

© 

© 

p 

a. 

c 

y 

CN 

cn 

4 

© 

© 

© 

o 

H 

cr 

c 

P 

4 

© 

© 

c 

PI 

© 

p 

rH 

r 

© 

p 

© 

© d 

© 

© 

c 

© 

o 

ft 

cn 

ir 

p 

c 

rH 

cr 

© 

© 

c 

pj 

4 

© 

or 

© 

p 

© 

P 

O 

rH 

pr 

© 

p 

CM 

CM 

cn 

4 

u 

© 

© 

© 

© 

© 

© 

© 

© 

p 

P 

P 

p 







CM 

CM 

cn 

m m 

cn 

cr 

4 

4 

4 

4 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

p 

P 

P 

p 

\r 

© 

© 

4 

r 

If 

4 

o 

o 

4 

r 

© 

p 

p 

O 

© 

4 

P 

© 

4 

© 

© PO 

P 

© 

ft 

p 

o O 

© 

© 

© 

© 

4 

w 

4 

© 

© 

u 

© 


c 

© 

pr 

p 

4 

CV 

y 

o 

© 


o 

r-C O 

ft O 

P-4 

p 

© 

© 

© 

4 

4 

4 

4 

CM 

© 

4 

© 

4 

o 

CD 

© 

© 

4 

O' 

CM 

cn o 

rH N 

© 

© 

rH 

cn 

© 

4 

CL 

© 

© 

© 

4 

© 

O 

© 

O 

© 


P 

4 

O 

© 

© 

r4 

p 

pn 

cn 

pj 

y| 

cn 

ff. 

O 

© 

O 

o 

© 

o 

O' 

*4 

P 

4 

© 

O' 

o 

rH 

© 

cn 

© 

o © 

4 

CM 

p 

m 

© 

4 

4 

o 

pj 

O 

4 

O 

cn 

CM 

o 

O 

4 

O 


O 

cn 

•—4 

© 

4 

f yO 

O' 

cn 

P 

© 

cn 

4 

4 

© 

fH 

O' 

rH 

P ® 

4 

PI 

4 

^H 

© 

P 

rH 

© 

O 

y 

P 

© 

© 

© P 

© 

If 

o 

rH 

ft 

© 

y 

CM 

o 

® o o 

© 

© 

P 

© 

p 

P 

CD 

o 

m 

O' 

O 

ft 

pj 

O 

CM 

O' 

pj 

© 

fH 

4 

cn 

© 

© 

CM © 

n - * 

© 

pj 

<4 

© 

© 

m 

CM 

pj 

O' 

o 

cn 

p 

y 

© 

tt 

ft 

P 

4 

cn 

CM 

cn 

m 

4 

pn 

CM 

© 

© 

CM 

f 

^H 

CM 

rH 

CM 

CM 

CM 

•4 

<M 

*4 

cn 

O 4 

4 

4 

© 

4 

© 

m 

4 

© 

tr 

© 

4 

4 

4 

4 

4 

4 

w - 

4 


CM 

CM 

y 

,4 


* 


















•4 

*“* 

*4 

ft 




























p 

4 

® 

<£ 


a- 

© 

o 

4 

© 

PJ 

f-H 

CM 

i*» 

P 

O 

m 

P 

P 

© 

© 

o 

*4 

cn O 

O 

4 

© 


m 

© 

cn* 

O CM p 

© 

© 

© 

© 

CM 

cn 

© 


o 

© 

4 

O 

y 

CM 

4 


O 

O 

© 

© 

f-H 

4 

ff 

O CD 

© 

CM 

4 

P 

CM 

o 

r4 

P 

4 

p 

O' 

© 

CM 

P 

O CM P 

4 

O 

© 

4 

© 

© 

© 

© 

© 

CM 

CM 

© 

© 

O' 


P 

o 

© 

© 


© 

O' 

o 

P 

p 

P 

H 

4 

cn 

© 

p 

P 

P 

o 

cn. 

o 

cn 

© 

4 

© 

rH 

© 

© 

*4 

ft 

© 

PJ 

m 

P 

ft 

© 

pn 

cn 

CM 

PM 

m 

a. 

CM 

cn 

m 

p 

4 

CD 

O 

m 

Pi 

P 

© 

4 


© 

m o 

CV 

© 

P 

H 

© 

rH 

© 

P 

p 

© 

p 

CM 

O 

4 

© 

O' 

© 

O 

4 

-4 

© 

CM 

cn 

O P 

o 

cn 

y 

rH 

cn 

® 

P 

o 


o 

CN 

PM 

o 

cn 

cn 

pn 

y 

CM 


o 

P) 

CM 

m 

p 


O 

© 

a 

o 

o 

cn 

CM 

P 

ft 

© 

o 

P 

4 

o 

CM 

O' 

© 

4 

O © © 

4 

© 

p 

CM 

cn 

© 

P 

y 

pj 

© 

4 

© 

CN 

PI 

If 

© 

© 

cn 

cn 

CM 

t 

P 

1 

CM 

1 

1 

pj 

pj 

1 

CM 

1 

PM 

1 

7 

PJ 

1 

H 

CM 

1 

CM 

1 

r4 

1 

H 

1 

1 

r 

O' 

© 

1 

P 

© 

1 


PJ 

1 

ft 

1 

PJ 

1 

«4 

1 

PJ 

1 

rH 

1 

CM 

1 

PJ ft 

1 1 


7 

C4 

1 

CM 

1 

1 

cn 

1 

m 

1 

ft 

1 

CM 

1 

fn 

1 

cv 

1 

CV 

1 

cv 

1 

CM 

1 

P 

1 

p 

1 

p 

1 

P 


© 

O' 

P 

© 

0 

f-H 

CM 

X 

4 

4 

CV 

O' 

o 

O 

o 

© 

© 

© 

O 

4 

© 

© 

4 

4 

o 

4 

4 

© 

cn 

© 

© 

P 

4 

CM 

© 

P 

p 

P 

4 

o 

© 

ff 

ff 

ft 

Ui 

p 

Pi 

O 

CM 

rr 

cn 

o 

cv 

oc 

© 

r-t 

pn 

© 

o 

•4 

© 

CM 

p 

cn 

© 

© 

O' 

pn 

cn 

4 

P 

P 

© 

O' 

O 

© 

O' 

© 

p 

P 

4 


y 

p 

y 

© 

© 

pr 

P 

p 

If- 

© 

o 

fn 

f 

© 

CM 

m 

CM 

© 

CM 

CM 

P 

CM 

© 

rH 

o 

O' 

© 

© 

If 

ft 

© 

O 

If 

m 

CM 

pn 

m 

© 

© 

o 

P 

O' 

CM 

CM 

© 

P 

O' 

H 

CM 

© 

P 

o 


O* 

P 

4 

P 

© 

© 

© 

PM 

c 

O 

C 

f-H 

o 

fn. 

o 

4 

© 

© 

4 

4 

fr. 

cn 

4 

© 

CM 

o 

P 

CM 

o- 

© 

CM 

rH 

e 

o 

© 

© 

*4 

CNI 

fn 

cn 

© 

© 

c 

CM 

4 

4 

4 

pr 

P 

CN 

CM 


O' 

c 

© 

o 

• 

© 

o 

• 

o 

© 

o 

O 

o 

O 

o 

O 

© 

o 

O 

O 

O 

o 

© 

o 

m 

CM 

o 

rH 

rH 

rH 

ft 

rH 

ft 

y< 

rH 

rH 

rH 

-* 

y 

rH 


© 

ft 

y 


y 


ft 

r* 

y 

o 


© 



















1 

cn 

CM 

1 

t 

i 

i 

i 

i 

i 

i 

1 

i 

i 

f 

* 

1 

i 

r 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

r 


CM 

cn 

4 

© 

© 

P 

© 

o 

© 

y* 

CM 

cn 

4 

© 

© 

p 

© 

O' 

o 

«4 

CM 

cn 

4 

© 

© 

p 

© 

O 

o y 

CM 

in 

4 

© 

© 

P 

© 

O 

O 


Pi 

cn 

4 

© 

© 

p 

© 










ft 



ft 

*"* 

ft 

f 

** 

4 

«4 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cn 

cn 

cn 

cn 

cn 

cn 

pc', 

cn 

cn 

cn 

4 

4 

4 

4 

4 

4 

4 

4 

4 


CNI 

cn 

4 

© 

© 

P 

© 

o 

O 

rH 


«n 

4 

© 

© 

p 

r* 

Pi 

cn 

4 

© 

© 

rH 

CM 

cn 

4 

© 

© 

p 

© 

o 

O 

ft 

CM 

cn 

4 

© 

© 

P 

© 

C 

© 


P 

cn 

4 

© 










*4 

H 

rH 

*4 

ft 

ft 

*4 

r-» 
















H 

ft 

ft 

y 

ft 

ft 

y 

ft 

y 


CN 

CN 

CM 

CM 

CM 

CM 


A-200 


CENTROID OF SHED VHR T I C I TY 

GAH/V Y l 

♦Y BODY? .70073 -1.664*1 3.43545 

-Y ROrYt -2.°e°66 -2.12334 3.92*63 



Bom SUkFACP oocs<>flff p OT ST&TSUTTON 

X I? PG/nv H 

79. *05" 2.U50 0.0000 2,5000 


ORIGINAL PACE IS 
OF POOR QUALITY 


B^^^MM^NON«NN^»NNSNOFtOOP®PPir>O^Om®«MftONmNN«^ 

*>p^pp<OH l o*ri«ONMnN4a>N(O<o«<rpH(\iNHOP«0O > o<\nneoHPCDNP33)^ 

Miniri-trnrgHOf | J^'D®Ot\)«rir»'Cr^ot.aDiBr*-r«'<o^'rn'HOP(0®N>oirin'»OfnNfnH>- 

w©0000000090.~l*4«-lrH.-I.Hi-l«-4^Hf4.-«.-4i-«p-»,-t.-4.-IOOOOOOOOOOOOOO 

o i* • r •* r •* r r r r r r • > r r • r r r f » i » • « » » * f r ■ ■ r » ■ ■ 


*-tin4COP'Pf«C'Of^*~P*P'«4'P“f , -Or r i<r«DO'freueoco'rfviror^Ois;r<'CsjcDr«-inP»0'*rr-43iCP' 
k c r. fw®^i<V'ip»«\ir-^OCX43^^'fcsi^oP‘«Pw*r<^fnr-tco«#Of-i*Nr>cvji>aroi<;r«-oOtr»f-i«r*v-ir 
a. 'O'Oir ^fofv<Oi--r'ir'P*«‘0^r r >Nr»riirt^ir'r^f<'rv^tCr cc r- in *4 

0900000000000^^r-M-I^Wr<t^^^^^iHOOOe000090009COOOO 
• ••••.«••••••• • • • • • * * * , , * ,* | | | | |* |* |* | 


a 

o 

o 


r- ^r-.oooo»-*n>i-r^ c rr r- c\j oc a .-• o c o od a H<rr^ hk>o ^ cc cv it O' ,r o p- P“ p- ♦ a a rr 
43 n a o o «v m ir^®pCMnr , Neofj^'OPni<''C(ciHmif'CCM^p<HM\jpe O c 
ocoo*-*-** - i-**-< f -'^H«-<«Mfsi*vPJ«vfu»rfncPf»'m^^»»^ir'ioiriri<c»o<c<i ,, *oaf-®flc«c. 
oooocooococooooooccoooooocooeoeooooco^oecco 


^ If IT 
s: m r-i m 

w o 43 «> 

a. o o o 


«-*i a <4 m p- 

f\J N h o ^ 

^ fu o <v 

o o o o o 


a 

CVJ 

■* 

o 


r-> ^ *4 O IP *- tt f" O 
o>oo<vjm<Nja><n<0 
op* »OHWNmm 


H ^ V> { 
®cdn j Oin 
<^*1 n", r**! tv 


r~ cu < 4 - 

H H O ? 

.-I «-» .“I O O 


m a 
>r r- o 
as r- P* 

000 


O 

•4- 

o 

o 


rv in in 
o w P 
in in -4“ 
000 


r i N If 
in h m ^3 
^ Ol’lM 
0 0 0 9 


a a «« 

C N >» 

N H r- 

o o c 


I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 


o 

> 

»- 

» 


P 0 © **■ 

*-•«-« nj 
nm» 

000 


«© ® r- — 1 ~c o (do 

(\jHa^O(M<\iO 
mNO-f ®h<»p 
h h N (M m (f. rn ff' 


*rtnc4>(tcpp*<\ipn 

r. 


4-ifKMno-r^if' 

HOGDCOOHira} 

r^'Cm'J'forvjoco 

4 - <r ^ 4 <f -4 rr 


iAM«t<C0C4O4 

Mr\ PH HO 1 t 03 -4- 

rr m rn m n r^ m t\. 


r\l a 4 O 

HODCMPHOCHN 
M OJ If 4 M (l <0 M 

(MHHHhOC C 


c o ir <\ ir h r ct o 4 O ^CH4ffhmnw4:ffi(?H>C4( , 'r-K 4)4'C4f r if r >fP‘OOHHa -4* P- 
> c rrr ^off P C ^ N C r C o ^ O f h 4 4H404airrr 1 m^«Cfr«f)<r**(veDU‘ 

sccnrircMfo a ec iv ir o cv >4 chNCif 4 *vio <tr. a>fN»ifw^icr. HCHMMfnMi-' 
^ccoooo^*-’»-<njn.' 4 r iC^r'^*»a-' 4 ’' 4 -'#'^* 4 -'*'f*‘f ,, 'r p inr i\j h h h c c C coooooc c 


t 


I I I I I I I 


c c p m 

C. r-' r- 

— «r a 

c o c 


a: a fu 4 rr n c rriiCH 4 r. Ph^oriftf •+ <« <-< c m if n os -c o 4 a: O' a: r- m pvj o 4 - c 

OTn, ( -l4^l«-(PCyh(>44ffHHOHHa4irpo4<-'P‘*- , 44r-l44MCfiD<C(Vj'ClV4P 

r 4 c h r 1 4 4 r r 1 o c ir>Htt404(fHir'iHrif4r p- p p ^in^rvera* «#*•«*<£ it n. 
-_i ^ < ro <v ro rv <\, rs. pj»-«f-H»-iOOOOO*-i*- , *- < n <v<\jPof\jnjcvjc\:<vP Myn^r-HOOC 


I I I I I I I I I I I I I I I I I I I I I I I * 


o 

> 

>*. 

3 


fO P 3 l^i ffl 
04) 4? ^ « 
OOOOO 

00000 


rnroro<43<nfrtwc^fni4>foc^p^* l, npocorornr0fr»fcicj<sj{\i(\i(\j<\j(\j«\jc\ir\if'jc\jc\i<\ifsjf\jrv. 

000000000 0 04 0 0 0 4 0 0 OOOOOOOOOOOOOOOOOOO o> 

>O43^O/^03't>4-»'4)'C<''C4D>C4DO'0)>O43<4543'0)'<-'43'C-43'D'O'4i>D<ro:'4j'C'«0 > CO;>01 

OO'OOOOOOOOOOOOOOOOOOOOOOOOOOO'OOOOO'OOOO 


ooocoooooooooooooooococooooooooocooooooococ 

OOOOOC090COOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOO 

OOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOCOO 

Oircif'0if0if'0ifc»'0ifo»'0iroiooif'0inoinoir0if0inoi('0iroif»0<'oino 

^Hfuror, r: 44 inf> 40 i^NoBaff 00 *«iHfvjcMrKn 44 i('in 4 o s N oil c o o o © «-• 


O4CO(f(VirifHlfl(t44t T lmC< ,, f T '4 , 40DlfHlflftVlfOO4(?PCOOP^4®. ■>0' 

i(\jNOHfidOtrio m p* m m p p~ *4 © <4 p- p p p p o if o n h o n (sjrvNiir^fvfJP <c»- 

4'CiHfTil»IP l O'lf. HITPP'40®0®04 , NCP|r. O H O ® 4 I 


o o o 

IP P N I 

h o a: 4 oc h n m f' O' ith if> (M., — — - _ _ 

«MHCCP^ttP04nN0*‘PinWr<0HP 1 lfPtt0NP^0P«'PC OOi-4*Hr-lOOO o <r 


NKlMNi-li-IHHHi-IHtHH I 

I I I I I I I I I I I I I 


111)0 


HHrlHHHrtrtHNNMNNWNHHH 


Ol«(*l44BK'^lfinMfO^4^PO0O&94K0lPIMlMfHlfC4 4W WO (*>* r 4 4 C if 
04PNm^Pn7ITOWHONM^P l fP | ^MP' 0 ^MOlfO( , 'P< , '^PP , JO^PP ,f<r 'P 
OB 41 4 NO IT HPPMnnH®4BOHO»4eHnr» l >NPIfHlf<M'J4O®O®04N(7lJ' 

Qrtr l lfP05O(Mrt4OP«iPPOO^P< H OOPPCCP44WMO»MfPHOHmirPtt f C 


HHhHHHHhHNNMNN'NNHHh^^HHHH 


I 

I 


-jHfJW 4ifoPBOOHfJfn4lf\OPOO'OHfgm4ifO 


CDOO^M\iP14lfOPBPO 

NRjppipicnnnfOWrtP'r 


rvj w 
4- 4 


A-201 



7131 1.7325 21^.000 .Q 662 .0014 -*0020 .0024 -. 016 ? .0030 .0664 -.0166 


H«j>N(HNinN(\jMna* iriocr-oiDCMcoirv.Hc'jnjin^r'-^cD 
^^c\jONNrj^O(nm«sm©(noo^if | iHfnNO»HO'OCM> 
HHHOOOHrtHON^in^O^OWrtNHOHn^lftlfXOIft 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I I I I I I I I I I I I I I I I* I I I I I 


a Hr 40 Dinmo<rm<*irU od it, iniv ^ m h 
m^Moo 'Omor-o®rv.ojO'0*-Hfoaofvjj-<r»-»*r»« 

OOCOOOCOOOCOOOOOOOOOOOOOOOOOO 

I I I I I I I I I I I 


*Cooif<v)^MS<»<.»^Mn^O'Or 4 (fwa.ifM*ior«<»w 
«\ *■* a: <t r, m r- omcoHMMruMHi-iOOOHN^m^ in 
era r- r- r- r- r- a ^onjoooocooocooccooocoo 
cooooooccocoocoooococc ooooooc 

1111*11*1* 


h r C u <\ 
>n <f r\j o> S 
rH rH r-( O © 

o o o o o 


<o n ro o ^ 

N INj ^ o r 

o -h —* -h o 

o o o o o 


a o r — 

(V H PJ o H 
N •! lA If O 

o o o o o 


cic o a e 

o - 4 * ,o «o 
in in ^ m r\j 
o o o o o 


rr ■ *- r- r- csj 
r-n rn n- 

o o o O o 


If ff N <C 
j- Hin n 
in f n 

o o o o 


I I I t I I I I I I I I I I I I I I I I I 


m —< c\j <\j >r ro fr .4 ^ q- 

mmf>-<rr-icDr-^Hin(rcDO^>oaocD-j'^>j-oDcrr-mr-cfOO*-i 

oooo*- , <NJf^'CCNjr-*a>miri*c<OiOif\*rc\jor*‘'»',-i<r>'Xor-m.~i 

oooooooc>-'c\jfvi^mr'fn<* K mmfnfnn l .r^fvj«-tp-<*-<ooo 

» I I I I 1 I I I I I I I I I • f I I I I t I* I I 


C a f* «4 «"-* © >4 f\< r- %£j n. HNHOCiffnrpo 

om<- ^uir^tyniiftto ccfnf-i-icr.Harr'f-t-fNOirp-irO'Orr 
cocoo<\.p r >in<vr- , occ\ ,4 it <f (f ocl ’<»^-r^'» , or , ^^r<sjcoo 
cc c ooooc r-nnr'nfpmrtrivjMn .-i^r-^cocccc 

* f r r * r r 


^ n o a CC S-£r , r'OHCn^HnCM'£a S O' if 4 4 •{. i— » a; 

r C f CMTff >CfOCOAinN<£COHC4r © f- © 4 T CT O C 

OC OCOr-^-r-iJV^OCM^CC evtr CP a i- 1 »- f- 1 © a «C rr, c ^ IT h 

COOOOOOOCoOOOC*— if-ir-iOCO 

III I I I I I* I I I I* I I* I I* • I* f I* 


wMNffiMwminM fnnwnifli’infnmfiw 

acfooircrcracro'acrocrcracraaao'ccroaaoo© 


oocccc occo&oooooooooooooooooo 
ocooocooooooooooooooooooooooo 
C-C ooococoooooocoooooooooo OOCO 

c no n o ir omoinomoif o ir o ir oifcinoifomoiro 

m r C4 4 in n >c >c f N a. toocOH^NMnpi 4 4 n in 4; 
«Mn k .fv<v(\j(\;(Mcvf<j«\jfN 1 .f\jcs.cM<vrvmpofr < nmr r 'mromf* - . mmfT' 


*v Ul 
o ia 
< v cr 
<, * 


la « m cd -«4 «4 r*rn 

lt rr r- fr, rr fv r»- >»- 

lA^ircycNj^^Ja- 

mnoocrNirmH 


o (*i (tl 4 
o >4 n- r- 
O cc 4) 4 
o nr, in 


4 a m h in m 
ft' m a- ff> xf ir 
n, O if h in o 
s od o M n 4 


nj 

o 

na 

O 


ir. <C 
CV *■“' 

ro m 

A- CD 


'C 


1^ 

CD 

© 


cr a o o 
no esc r- ir 

4 OC OH 
O O I— 1 rH 


I HHHHHHHHHAiMMN 
I I I I I I I I I I I I I 


^ ai '»^P 0 OCO 04 cC' 0 i<'c\jinrHintt 44 nfno 
a«AOf\._,tr'-r\;f\jr^iAP-f>-fMr-<£>rHC\joiD'«rmP‘-fnmr-f‘. 4 0 
*O«-tO0C-a tt HfnnnjO mHinON4^®o 
OOHHH COOff®N 1 £, 4 ncvoii>rinriHO 


1 1 1 * 1 I I I I I I I I I I I I I | | | | | | 


I I 


I o 


4 If -c N ®OOHMm4irC 
^ 4 4 4 j-ir<irir>tf>ir‘riiA 


•c OOHMPH4lf«NffiOOHIM(tl 

tritr «C 4 i<£o<c£<Ci © o a* r- r- r- 


A-202 


009*6 


ORIGINAE 
OF POOR QUAl-ti x 


-< N r-» 

wkt o m 


<\J O 
iri <-t 
> © ^ 


1 

1 

^ KH - 

i 

I 

I 

I 

X 

1 

M H M H H 1 | 

| 


H H N« H 

1 

l 

1 

• 

1 

r* 



1 

1 



1 

i 

1 

1 




1 

LH 

1 



1 

*— 

l 

1 

1 

1 

1 

1 

#-* 



1 

1 

1 

1 

1 



1 

l 

1 

1 

l 

1 

1 

I 

»-* 

1 

1 

1 

1 




1 

1 

1 

1 

1 

1 

| 



l 

1 

l 

I 

1 

l 

l 

1 

1 

1 

1 

1 

H 

i 

1 




1 

1 

1 

1 

►H 

1 

t 

| 



1 

1 

1 

I 

1 

1 

l 

1 

1 

1 

| 




1 

1 

• * 

* 


1 

1 

I 

| 




« * 1 

* * 


t 

| 




* 1 

* 


1 

t 




* 1 

* 


1 

fr- 




♦ *“• 

♦ 


i 

1 




* I 

» 


1 

1 




* 1 

« 


t 

| 




* 1 

* 


1 

1 




* 1 

* 


I 


t_ M *— < | ^ ^1 M 

T 

I 

I 

T 

T 

T 

T 

T 

I 

T 

H ^ M H ►- 1 f H H M L> N 

►- l-H t-l *— 1 « 

*— > *— * * — • *— « ►— 

i ►— 

1 




> « i 

* 


I 

I 




* 1 

* 


l 

1 



o 

X 1 

* 



1 



c 

« 1 

# 


1 




o c. 

X * ►* 

* 


►- 

1 



c 

X * \ 

* 


1 

1 



c 

C * 1 

* 


1 

| 



x c 

C x « « 1 

* * 


1 

1 



x c 

XrH X X C O ♦ * 

« 


1 

1 



o c- 

C X O CO 1 



1 

1 




o o x a o i 



1 

1 




x 1 



i 

( 




o l 



i 

1 




G 1 



i 

*—» 

1 

I 

t 

1 




C ►* 

1 
1 
1 
1 
1 



►- 

1 

i 

l 

l 

j 

1 

1 

1 

1 

1 




1 

1 

1 

1 

•— « 
| 



i 

1 

l 

l 

1 

1 

1 

I 




1 

1 

1 

| 



l 

l 

i 

I 

1 

1 

1 

r-4 



1 

1 

1 

1 



1 

l 

1 

i 

1 

1 

1 




1 

1 

1 



1 

l 

1 

1 

1 

1 

1 

I 

I 

I 

T 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

T 

1 

l 

1 

1 l 


< c 
X o 
Q. O 


— o 

O I 


I 

-J Uj 

ir h 
u «r 
r- 

I 

c 


~ I 

c u- 


CM 


• — I 

o O Uj 

r- — a 

o. *> 

<_ it 


~ r- 

v *c 
<-> *f' 


o 

— I 

X LL 

— f- 
2 

c; o> 


2 <C 

<_> IfN 

o- 


A-203 



STPATFORn SFPAPATION CRITERION (LAMINAR) MSI - ,0 22^7 


o fM 
o m 
o o 


o a 

o i C' 
© © 


c 

e <r> 
o o 


O IT' 
O IV 

o © 


a 

o 


«Oa s 

Ol <C rO 
u O «-i O 


o «o r 

Oc < c> 

« o IT If 


c o f** 

»~ C o r- 
U C C f* 


C if 
* o 


C N ftJ 

o o ^ 

>- C o 


^ -t -e 
a h >o (*' 
©coo 


O * ff x 

& -c a: c 

< O ITi fv. 


<* c o c 

*- O O T* 
Li O C w 

IT Cff 

cv O' r^ 

<V M IV 


-t r ir 
0“ iv >— • 

N N iH 


'C r- c 

(? CDH 

> J- O' «-l 


X 

T 


*- a :K 

< a < 


> • < 

r ? cl 
■ •-• u 
X I/O 


► 

I 


A-204 


SUMMARY QF V1RTEX Finn AT X • 60.730 H * • o^SOO 


ORIGINAL’ PA'® B 

R POOR QUALITY 



© 

CM 

o 

4 

CM 

o 

O- 

in 

4 

o 

m 


o 

o 

CM 

43 

tv 

tv 

4- 

^4 

O* 

Hi 

© 

f- 

tn 

O N 

<M 

tM 

4» 

4- 

4) 

PH 

s4 

© CM 

© 

© 

m 

o 

tv 

tM 

O 

© 

© 

■H 

© 

H 

H 

4 

*h 

ro 

o 

o 

43 

4 

o 

in 

4 

CO 

fM 

o 

CM 

CM 

s4 

O 

o 

H 

ro 

CO 

© 

m 

p4 

r- 

p4 

tM © 

CM 


O 

m 

rj 

CM 

© 

© 

m 

© 

© 

© 

o 

s# 

CM 

X> 

O 

© 

© 

4* 

© 

© 

4 

o 

4 

4 

a> 

O 

4? 

4 

4? 

X> 

o 

H 

m 

03 

•-H 

O 

I s - 

r- 

O 

CM 

© 

to 

4“ 

© 

CM 

O 

© 43 

CO 

H 

O' 

43 

m 

4) 

45 

© 

CM 

o 

© 

«H 

tM 

tv 

«H 

© 

o 

*-4 

4 

© 

CM 

© 

CO 

4 

pH 

o 

4) 

o 

O 

fM 

© 

4 

m 

CM 

H 

CM 

r- 

O 

43 

in 

43 

O' 

CM *4 

© 

cn 

4) 

«4 

o in 

H 

CM 

CM 

r- 

in 

sT 

43 

© 4- 

si 

© 

o 

tv 

o 

© 

si 

© 

© 

o 

4- 

© 

© 

30 

4 

H 

4 

4 

CM 

O 

© 

•4- 

a> 

CM 

m 

m 

r-» 

i— i 

© 

O 

o 

O 

O 

© o 

O 

m 

CO 

m 

tM M- 

m 

<M 

4- 

CM 

s4 

in 

CM 

© 

CM 

© 

© 

© 

4> 


© 

si 

© 

4 

© 

-H 

pH 

o 

pH 

*-* 

cm 

tv 

CM 

CM 

f— • 

© 

© 

PH 

H 



H 

•H 


H 

pH 

4) 

h- 

43 

r- 

m 

cv 

tv 

tv 

© 

tM 

fM 

CM 

CM 

© 

fM 

tvi 

CM 

CM 

tv 

CM 

fM 

IV 

fv 

CM 





H 

1 -^ 


rH 

O' 


o 

O 

p-i 

4 

4 

IT 

o 

4 

m 

•4 

*4 

cn 

00 

>4 

«4 

© 

O 

o 

© 

tn 

»H 

a 

m 

H 

© 

fv 

M- 

r- 

© 

*!• 

© 

-4 

O 

si 

o 

CM 

s4 

CM 

© 


© 

tv 

c 

© 

© 

a 

sT 

© 

cv 

4 

4 

sC 

© 

45 

45 

<4 

© 

o 

w 

4 

H 

*— « 

CM 

tv 

® 

m 


cn 

CD 

© 

cn 

® 

CM 

© 

in 

tv 

O 

45 

M- 

O 

© 

tv 

© 

9*4 

© 

-4 

O 

s4 

© 

o 

o 

© 

© 

CV 

© 

o 

H 

4- 

ro 

o 

pH 

o 


4 

tv 

o 

03 

CM 

© 

<4 

45 

4) 


4) 

4> 

r* 

O 

© 


rv 

cn 

m 

4- 

tn 

in 

m 

© 


4- 

a 

CM 

m 

© 

fH 

© 

s4 

K 

•-* 

4- 

© 

a 

© 

© 

pH 

o 

© 

4- 


o 

o 

4 

pH 

fSJ 

4 

© 

m 

4 

4 

o 

O 

O 

CD 

r^- 

C 

If 

m 

m 

O 

<4 

O' 

in 

p4 

O 

4*- 

© 

o 

CM 

o 

© 

IV 

O 

CD 

o 

4* 

o 

O 

f- 

a 

© 

c 

f- 

If 

pH 

O' 

4 

o 

© 

© 

a 

*c 

4 

tv 

(V 

at 

o 

o 

tv. 

o 

41 

4 

CM 

m 

4 

cn 

CM 

tv 


o 

M- 

a 

r- 

O 

o 

cn 

4*- 

fH 

© 

4. 

»H 

o 

«H 

© 

4- 

s4 

© 

4 

© 

<v 

r- 

o 

a. 

c 

© 

© 

e 

4 

4 

cv 

• 

• 


• 

. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

# 

• 

• 

* 

• 

• 

. 

• 

• 

• 

. 

• 

* 

• 

• 

• 

• 

* 

• 

• 

• 

• 


. 


• 

• 


• 

• 

• 

• 

© 

© 

4 

m 

m 

4 

4 

4 

4 

© 

fM 

fM 

cn 

CM 

CM 

CM 

CM 

CM 

4- 

m 

■4- 

M- 

o 

-4 

p4 

m 

4) 

in 

in 


m 

4) 

© 

in 

*4 

IT 

si 

in 

© 

© 

© 

© 

n 

© 

© 

© 

tv 

CM 

tv 

CM 



















*H 

H 

H 

t4 





























o 

© 

CM 

4 

tv 

m 

© 

If 

© 

m 

O 

O 

4- 

fr 

O 

«r 

r-> 

pH 

IT 

cv 

cn 

© 


m 

4* 


fM 

<r 

4: 

4- 

© 

4> 

© 

<4 

© 

© 

pH 

a 

o 

si 

4 

© 

© 

V 

© 

4- 

© 

C 

© 

CM 

4 

4 

o 

© 

pi- 

© 

(V 

if 

o 

o 

© 

4 

00 

m 

o 

o 

r v 

«4 

tn 

o 

•H 

r+ 

o 

o 

m 

tn 

PH 

r- 

cv 

43 

|H 

si 

45 

O 

pH 

© 

si 

s4 

pH 

PH 


© 

o 

r 


CV 

© 

o 

c 

a. 

i r 

r 

c 

pH 

rn 

pH 

O 

CM 

o 

4 

45 

m 

tr 

f— i 

4) 

o 

cn 

in 

« 

pH 

o 

o 

p4 

4 

H 

tn 

4) 

o 

*H 

© 

4> 

© 

pH 

© 

4- 

o 

4“ 

tv 

c 

<4 

IV 

o 

© 

© 


4 

© 

4 

c 

4 

•45 


4 

45 

o 

e 

G 

tv 

tv 

tv 

45 

o 

m 

tv 

r- 

fr 

cn 

r~ 

«M 

M- 

C4 

ft 

o 

© 

r- 

CH 

m 

r- 

M- 

tv 

© 

4^ 

r 

If 

4- 

o 

O 


r- 

© 

p- 

4- 

© 

pH 

pH 

pH 

4 

© 

o 

cr 

T-* 

o 

CV 

O 

4 

i— ' 

O 

4 

o 

o 

4 

tr 

*4 

o 

© 

pd 

tv 

o 

m 

43 

*-• 

•4 

1 - 

cv 

m 

4“ 

4) 

4- 

n 

«D 

<4 

f- 

*H 

tv 

in 

o 

© 

in 

© 

o 

© 


4 


f\ 

4- 

©. 

or 

© 

C 

r 

cm m 

in 

4 

•4- 

tv 

45 

4 

tv 

pH 

p! 

tv 


tv 

CM tV fV 

*H CM 

CV' 

<n o 

Pi 

M 

*4 

© <1 

in 

© 

si 

4 1 

If. 

m 

si 

s! 

4- 

*4 

4 

si 

© 

4 

pH 

tv 

tv 

© 

p^ 





mo 4 4- 4* in 

MfM?j , (s; 0 'CooaiA'» , OPjCrw©pjrj tr ir^ o o 4 in 

♦ in n n o ^ 

© 4 inr--,cr-oinr'^a;<HincD ph in in cm <\j co 4> ^ *h 4 

^rjO('JMinNO®'C^Oo^M0DW(7 hON ^ 


©>©©004 d cd m n 'D m ’f 000 cm 4 4 o 4 © 4 r~ o fM 4 

4in®44tMtMOfM4rHrHpH.op-tOpHO "j-rvOcc-^HH 
ao^om^fflHOiTiO^NOOinoooc -H44pHO«HtMfM 
•Hr^pH©4©040intM©444i4iH4 40440444 

OinnO^N^^NH^^aNmNN^ cv’CM4in4©©fM 


NNWHWIVJMMHIVHNNHH i 

I I I I I I I I I I I I I l I 


J(DN OHN 

I I I 


<M <M *H CM 

till 


| (\J OJ H I HHNHWrtrtNW fMfMfM(VCMCV<MCV 

III I I I I I I I I I I I I I I I I I 


© 

4 O pH © o 

o 

c 

C 

© 

c o 

© 

© iH 

pH © »H 

4 r 4 

4 © 4 

4 

r- © C 

4 O 

pH 

pH O 

©1 

CM 4 

4 

r- 

4 

CM © C 

© 

4 

si 4 

4 

4 

4 

© 

4 

4 - n tv 4 in 

tv 

tv 

o 

4 

a 

© 

4 

4 © C 

p- <f 

If, 4 4 

4 © pH 

CV 

O © 4 

© r- 

O 

© C 

© 

4 

O 

e 

© 

© 

fv 4 

4 

a 

C 

© 4 

© V 

4 

4 

© 

NHph 4 r 

03 o a 

© 

cv 

CM 

4 

© O 

© 

cv 4 

4 If: © 

4 © O 

© 

4 IV O 

tv 

V 

CM 

O «- 

4 

rv 

© 

© 

© cv 

4 4 0 

o tv 

n CV 


© 

r- 

© 

4~ 

4- © 4 © tV 

© 

4 

4 

t\ 

4 

4 

0 4© 


«r if 

pH fV 4 

© si a 

© 

© fH © 

o 

m 

O 

IV © 

CM 

4 

4 

© 

IT 

4 O fM 

4 

fM 

4 

er 4 

4‘ 

C 

4 

4 


*H tv o C pH 

tv 

O 

o 

tv 

tv CM 

CM 

pH pH © 

© IT 

4 pH 4 

O 4 C 

c 

© o © o 

rH 

H 

o © 

O' 

o 

O C 

H 

f-H 

O O 

r^ 

© 

tv 

tv © 


4 


4 

CV 

tv cv p^ rv tv 

tv 

pH pH CM 

CV 

cv 

CV 

CM CM 

IV 

rH r-* 

pH CV »H 

CV pH tv 

fv 

CM ph tV 

PH CM 

CM 

r» rH 

rH 

© 

CM 

cv 

cv 

fM 

pH tV 

CM 

tv 


cv rv 



CM 

CV 


o c c c c 

c 

o 

c 

o o 

O O O O 

©CO 

o © c 

©co 

o 

© C © 

o c 

o 

© © 

c 

c CO 

coco© 

o 

© 

© © 

C 

O 

© 

© 

o 

o c c © o 

o 

o 

o 

o 

o 

© 

o c o 

© 

o o 

o © © © © © 

o © © o © 

© 

o 

© o 

© 

o © 

o 

o © © c 

© 

o 

C 

c c 




o 

in C o in o 

© 

© 

If 

o 

© 

© 

© 

© o 

© 

o © 

© c © 

CO© 

o © o © c 

in 

© 

in C 

in 

O m 

o 

in o v o in 

c 

4 

O 4 

© 

4 

© 

in 

© 

4 4 0- o pH 

cv 

4 

© 

4 

a 

o 

H 

4 © 

4 0© 

o © © © © o 

© 

4 sO 4 

o 

© 

© 

© m 

4 

a 

o 

rn 

CV 4 

4 4 

a 

c 


r si 

4 


o 

c 

o 

© pH O pH ©. 

4 

If- 

4 

4 

© © 

© 

© 4 

© 

© © 

© o © c c © 

o 

C pH tM © 

in 

4 

4 © 

o 

C 

rH 

© 

si 

4 

4 4 

© 

o 

r-* 

tM ©• 

. • 

si 

4 

4 

© 

© O' pH © c n 

sT 

© 

© 

c 

cv 

© 

4 

pH r~ 

© 

4 O 

coo 

© o © 

4 

O P-* © 

in 

r- 

C 

© © 

in 

© 

© 

CM 

4 

4 

© C 

<\ 

4 

4 

a p- 

© 

4 

4 

o 

tv 

tv © 4 © © 

© 

If 

© 

© 

4 

4 

© 4 4 4 

4 4 



CM 

CM © © 

© 

© 

© 

4 4 

4 

4 

IT 

m 

4 

4 

4 4 

4 

4 

4 

4 4 

4 

4 

4 

h 

c 

rr cv 4 fv a 

ft 


ac 

If 

© 

o 

4 

© O 

© 


© IV © 

© 4 © 

^ 

w- tM 4 

4 4 

© 

4 © 

4 

4 

© 


or 

© 4 4 

4 

© 

4 

C 4 

4 

O 

V 

tv 

4 

4 - o a. 4 © 

CV © 

o 

o 

c 

4 

© 

© O 

o 

4 si- 

© O PH 

pH © O 

© 

© pH 4 CM 

4 

pH 

4 4 

O 


© 

4 

4 

rH 

rH rH 

© 

o 


O 


© 

© O »H © rH 

o cv © 

© 

© 

© 

© 

pH © 

o © © 

© pH o O 4 © 

rH 

©40 


O 

4 

« ph 

© 

4 

O 4 

CM 

© 

4 tv a 

4 





© 

4 © © O O 

O CM CM 

CM © O 

© 

<\| 4 

© 

© © 

CM 4 O 

© © ® 

4 

pH in 4 

4 

tM 

© 

4 © 

in 

4 0 0 

4 

4 

© pH 

4 

4 

«"H 

—i •■H 

r- in 


pH o CM O r- pH 

o 

4-004"® 

4 

a* o 

pH CV O 

© © pH 4 4 CM 

© 4 © 4 CM 

© 

4 

4 rH 

<m in o* 

© 4 

4 

O ©1 

4 

4 



© 

tv rr> it, 

CM 

© 

4“ 

CM 

PH 

pH 

CM 

pH tV 

CM 

CM CM 

pH CM CM 

©04 

4 

4 4 4 

in 

© 

4 

4 m 

in. 

4 

4 

4 

4 

4 

4 4 

4 

- 

<M 

CM pH 

PH 





h £ ir> o <n si o©©o<vph,c©,c©4 

ia a^^OMPr. ooMr 

cv c c ~ — • *■ 





© o ,1 4 in 

440044 

-tirur nc ^ 

© N >1 H C 

ph © 4 * o 4 
• ••••• 
o © 4 4 pH tM 

i I I 


O CD o o «*• 4 
© ® © O ^ 
HIM? 4 © CM 
nOMmo 4 
o o m rj o *-< 
• ••••• 
I © <M | I 
I 


od m © 0 a 4 (ca)WN«tf r ->ra.o cv, >1 4 O >C r <j 4 c tv 4 
N<?M4HHHfH(?HO <rt\J000~<~«,-- 
03 o ©iTifff'i-OincrMVOO^'O^K .-i 4 4 rH Cr w r tv 

MOMMCT «? 'C^ 

04,©0©44i44pH440tv©4tv4 tv<V4U-,t©©CM 

<\J <V *H <M | (\j CM pH | HHNHnmHAjr CM tM tV <V CM CV CV © 

till III I I I I I I I I I I I I I I I I I 

ir>4404-*4©4 4 44tM444-4 

-=. k. p. ft o i» 


C IT X © H S M 

- r-^'C7‘C7‘CDC7-mr'r-*r-H^Hr^— i*’ ■<- ^ f" 4 <tO n r\j 

n4tn040fvfvif NaHMirso^ o 4 4 4 ® o -c a 

^COOOHN©©«lf OM^ P.(\ r h o- o e c 

4HH HHHrlHHHHHOHHHn *“ , ''HpHp-'©p-'Cp j 

* 1*11111111 


I I I I I I I I I I I I I I 


4.c4©oO'-i<M©44.c4®oOpHn © 4 m -c 4 © o o 

4444*1444 


UinC N®(?OHNI 


i -x 4 'C 4 © 


ph cm © 4 tn 4 


.HfM©4444©oopHCv.©4 44r--a: o- o .h cv m 4 in ,c 

***CMCvfVCVfMtMCM 


A-205 


CENTPHIO nF SHE P VHP TIC I TY 

GAM/V Y 7 

♦ Y BODY* .00931 -1 . 137 3.3^50 

-Y BGOV? -3.O960Q -2 . 13466 3.<H057 



3 CD Y SUP FAC c t>RES^UR c DTSTR I RHTinN 

y i? HP/OV M 

80.7300 ?.li*0 0.0000 2 • *» 000 




BNmHOO«OOO' 0 'flftNH 00 ®OHHNO< , O^-l , OONON'f( , 'M(M^OJ'l , ftJ' 0 Ne 0 O\ 
*— 0 ’ 000 ' 0 or**h*^®oofl 04 \ 0 '-«or , -o©r-cv»if*inin 4 <\io* ,, -»’>oom< 0 inof 44 mor ,, -ro 0 ‘n 

MlfMft 4 , fOWHON^’ 0 ®ON 4 -inNO®»C?®Of-' 0 (n'>»'COHO»©iOO'OUMf>'»'r^lVJN(ViT- 

wOOOOOOOOOOO^-‘^-H-*-‘^^^^^-'^^^^'^'^ 00 ^ 00000000 9 oa 

• « 

I I 


I I I I t I I I I I I I I I I I I I 


I I I I I I I I I I I I I I I I 


isj 4 >rnr--r^m^ 44 mrr>«t>.-i 04 i , '-eoir©-«©ina>ac»^ 4 ©»no*nm»C 44 a;© 4 t-©eo«norr'ir 

&<>^in 4 i^^©»-**»nr^oefom 4 ir® 4 in«n 4 <*ro.M©tt££m©r 4 . 4 ©**£rj 44 inin< 04 ; 

00©0©©©©©©©0©»- l ^»‘- , '- , «“ ,, "* , " 4 *-‘«“ , '-' , " < *- , ^ 4, ’“ ,00 ® OOC)OOOOOOOOOC5C 


oooooooocooo 

r r r i r r r r 


i i i i 


* « i i * 


i i i 


i-<\ co affttflDOON'rN 04 a^oMrwrn*i^NOirNf» , -*itMt«f(r^ 40 «cinH-rwO‘(t 
cr<or-r-<£.o©i-ii\<«*»r''£'r , -OOr-jmir. ooLON^-oei-W'CPff'on^O'fOP^ir'cCfnrc 

'\COCCOHp j HfHHt-'HH<viM r ^^'<^(\jr n mf r 'nr , »fst>r«Jio^tt'CONf'CNtrc?-<i a: cr <r 

•-©COCOOOOOOCOOOOOCOOOOOOOOOOCOOOrH^OOOOcOOOCC 


_ p- IT H ^ kPOr— rHff,if-«»*Cf\jCva. <VCSjfVH~, H^CC-f^a- a n n, 4 C O 4 r-t a. r— O O' CJ 

nir\iHm,-Hf-'Or'-ir\ 4 r-Hf‘-T\i 4 mcr>o»n®ooa''£>njr-«-* 4 r‘~-ooO'O^HmO' 4 CE«-H*\j»n>orn 04 
w>o^«fN>f(sjHocy'J’^s^OHNcn< f ipw- 4 ’nmmM\jHoa'^a)M\iMriin<r' 4 --f^N(MHH 

a.OOOOOOOOOOOOHr 4 HHHHHHi-(H<-tHHHHOOOOHOOOOOOOOOOO 

° r r r r r r r r r r r r r r r r r r r r r r r r r « i r i » » < < i » i • 


o 1 l\j t? 
> m 4 4 
V Hin tf 

h- o © c 


H 449 l^ 9 > OCHirtO‘OP( n 4 HI^ 4 )<DO^ONV’ HC 0 «J‘N(VJ'C<CNI T >> 0 IO' 0 'COC 0 'O(Vi 

cr>r“.-« 4 ®rH 4 r , ^o*Hcnin®r , -r“r-P'-r-<cm 4 fv»oo'Ci 4 — ir-fM<\j 4 mc\j 04 :fn.-iccincv 

^^cu(\j<vr r POf r r" 44444444444 444cr, fnmmcMfvj«\j*\.tvjfM*-*«-ir-if-to©© 


coc'C^OPiM-ffncc^ ©in r- ooaneHiCirwy © o »-» m 4 o n - 

> rr rr c>j h- r- m o »— t n"' 4 4 {\jm4r , --44r''-f r '<i'. n- ir « cc n r".f^ c o O <\j 4 ir o<x. , <c*fp'r-'<c*v«~*ir4 

v c o h r, if a, i\, c O a ro^-o cv 4 ^ p- r- n «C4 fM <c n o <\j r~ c cr in «r ^-to^Hror-fr^rvr-f 

5000 CCCr<HIV(Vi(\J<»lfnr 44 '»' 4 , 'l , 444 'rp , i^'ff'rNW , -<f- 00 © 0 © 0©©0000 


I I 1 I I I I 


© rsj fM O 

> m 4- -4 

v H If C 

> c o o 


(x<e«c ccsO'»oc‘.'4r au* r- 
ri^m^ rro^PCirif © 
ir, ^pHr44<f hcit ^ 
WF-^fvjcvivtvcjcvrNjWf-i^ 


^«Dcf-r - >'Occ»-*or^fvi©«-o 

h c h r c ir r~ rr tn <v m <0 © 

cr4C4ffif\.'u'i(EHmtr'C'0'C 

©OOOOr-tr-»^<\.<V.IM«V.W»V 


cop orcsj«v©tf r^*-tcn^-t<\i© 
ir cc cr r 4 <m r*- c <-• o ec o © 
© ©*-*r ©t <v O >C «— 1 I*-- 4 n 
rvi(MC\if^fSjCMf-»*--twH»-^©0© 


I I I l I t I I I I I I I I I I I I I I I I I I 


pH nmpipipipipipipifocflwro 
0 4K)<0« 

•s* O O O O O O OOOOOOOO 

©*••*•••••••••• 


PimmrnfOcriCflmwmcMNNW 
*C->0-£;'0'C^O't'’C'0'Ci 'O'C'C'C 
>D>C'0 ^>DvC'C'C' 0 '0'C'0'C'C 
00000000-000000 


c\it\jr\j<\jfv}r\j<\jfvicsjcj<\jrj*vjc\irv 

«0>C'0'£i'0'0^'C^'i)'0'0'C<C 

ooooooooooooo oo 


© o o 
<i o o o 
K C O O 

u- • • • 

cr o in o 


oocoocooooooocooooooo 

OOOCCOOOOOOOOOOOOOOOO 

oooocoooocooooococooo 

• •••••••♦•••••••••••a 

iriQinoif'CifiCifOiftOiftOirOinOinoiri 

rtrvjcvmr^ 4 - 4 -inin 4 >^r*r-a:ooo“OOo»Hr-i 


o o o 
© o © 
o o o 


© 

© 

c 


o © 
© o 
o © 


© o 
o o 
o o 


O in 
m m 


o o 
© o 
o © 

• • 

© m 

nO 


ooooooocc 

OOOOOCOOC 

ooooooooc 

• •••••••• 

omoinomou*© 

r-r-o-®oo©oi-i 




©0004 
u , n rs. r\j r- 

«-• © oo 4 ec 

T-t -H © O O 


ec c it, cvjuMr«-»ircD 4 , 4 nmOfpin 4 'ttio 
<£. *-t pj o acPNcnflihN4 o 4 r- © © p- 
HCf. rnNCMTHIftO C\J4«C0DOXX4n.Oin 
O ccs^4mN’orNr.(»'HOHffirh ® © 


l ^tf\ 4 n<\iin*ceD 400000004 'a «c 
©OtnoiNjp-^cr-njfvjr^mr-ivfvjr-o^ 
r-iinomn". pr^«©4«cc*-io©4 onr 

P4©4<ei^CDOOO©»-«.-l~4COO oa> 


I | I | I© HHHHHHHHfHNMPJPiJCVMNJCMHHi- 

I I I I I I I I I I 1 I I 


V 


o cn r. 4 4 s m rt loir, (Vi 
©4 r-~r>-©fnr*©©tr. o 
O0D£4(\JO'lfHirC>PJ 
O rt If, IT, M O M p- 4 « 


4000000 
PdH^NMNN^NM 
Pimnso 4® oho cc 
r^asoo O O •"* r-< .-H O 


0 > 4 V£irMMirirHinGO 

njr-.o.-**\jotno©r**© 

4«DH(«nMOlflHiftO 

©00«&r>“<C4cr>c\j©cD 


44-©©o©©44 a in 
©r-r“404r-r-©©r- 
PVj44J<CO®'C4<\JOin 
^ CC-© 


© 


(MNIMNNN 


I - 
I 


-> hcm m 4 if <c r- ® O 


mior-coo o«~if\j© 4 in,cr. as o 

HHrtiHHMNMCVPJISjMW^N 


OHMP 14 ir«ONCOOO 

fo (Pi m (T> pn n m po w 4 


f» <m m 
4 4 4 


A-206 


<3662 .00 04 -, 00?7 .0027 -.0161 . 0 B 29 .0664 -.0165 


D O' -A OMfimO«ONNHlf»nO^^K»NO'l'<rNNOHHB 
ooooooooooooooooooooooooooooo 

r r r r r r r r r r r i » * 1 1 1 i • i » 


st 4 ..rev ©«Ccc©* , *vj®©A'f*'f fc o*©fv<©®€v^«rcvA»*o*r© 

o <c ^ >o o ir •-•O’ 't'j’Of^oiT'rO'OOi ^ar. 

>G^"C-A 44 ''A'rco*-*f-'^'A«A»C»r ^l f >MCO* ,, < , >^K''C'C'C 

oooooooooooeooooooooooococoo 

r r r f r i* r r r r 


f\j <r fvoc O' A r* 

m o ia r tr- a- 

a.a-AAA-r-r- 

© c © © e © © 


.-< © © O' O' —■ fo 

♦ k o «r p c 
<c toe h e o 
c e © o o © © 


iak N «f O «r cv eo it cv o A- ia m cv 
HHHp'OCCOHMnin ^ in .£> 
ooooocooooooooo 
oooootrooooc oooo 


I I I I I I I 


<T 

>o 

H 

o 


o 

IT 

—* 

o 


< fr^^jncvOf^C a poc»-.&ia»-«cv<oo «» o r r m >j c a 

Mar-! 7 ''-i> 0 ^^H(\J^iriDNPJir'ir>( r 'O 4 'aDc\jtrii^M^>in 

HOOOHOO < flAfO^KMIMfMf» 4 mi\JOO^( , '^lf'C’C '0 

000000000000000000030000000 


1 I I I I I I I I I t I I I I I I I I I I 


O-ao— iOA->£>->rcC'A-ro»^A>»mo'»-»Ocvror^Oror-< 0 'Oaf-iA 

^(\jHmHr-oh-H®®rn-£iomH^HfOHir'OiP^ 4 Nr*^w 

OOOOH-iN«C»lN(\Jtfl , 'lflCf(r#(\IOh'f •-« ® 4 O-ONH 

oocoocoo*-**— •c\j(vmr r tfrr‘ n rrr co cv cv cv t*** >-h •-< o O O 

• *•••.••••••••••••••••••••••• 

I I I I I I I I I I I I I I I I l I l I I I I I I 


or ^ ^ *r * * & or m^HHtrp'wrcif'rcH&tJ'O o 

h c h r- cmi ^%roiTff r^H^HMr. aiHircrir^'O^oror' 
o©cco*- , cv*ci<vf fc *^©« r *»*»cvoA'«r.-»r^m©r“'»-cve©o 
C C ©©c©OC^»-*fv<v>ro*ofomfofvA'rv«--«-»»-t©C©©C o 

* r r • • 


KircoO'Cv^JOcv^flLOcoCOCv^-.cc'C’Cvu' r- A n r. r- h ^ ^ m 
■* c\.*-<«vr-eoCccn irctf'Orif 4ooNO‘^Nr^irN4 , Nhr' 
c c c-c oCHH^HO^iror tr r-ac h »-o or *r co o «r cm »-i 
C ©OOOC OCOOCO©0^—l.-'r-<CVfVCVCV.-i^.H.-iOCO 

r r r r r r r r r r r r r r r r r 


CV CV CV cv 

< -c «o 

1 - £ -C i 

O' coo 


Nrunfomminr, rrimnwnrtmr. rritoroncim 

<£>'£'£ O-C-tC<wi>C'£-^*>' 0 'O'fc' 0 'C^< 0 - 0 i-Oi''C 

0000000*00000 ooooooooooo o o> 


o o 

o © 

o 

o o 

o 

c 

© 

OOOOCOCOOOOOC 

OOOC 

0 0 

0 

o © 

o 

o © 

o 

o o 

c 

© 

oo©oo©oooo 

OO© 

c 0 0 0 0 0 © 

© © 

© 

coo 

o 

o 

c 

o 

©OOOOOOOOOC 

© O © O O O 

0 0 

0 

IT C 

sn oif 

O IT 

o 

IT 

o ia o ia o 

lA © IA O >A O 

IA © IA 

c IA 0 IA 

0 If' 

0 

T~* CV 

cv 

m 

co 


V 

lA 

lA 

•o 

0 a~ a- ® 

a. 0 o- 0 0 -« 

H 

CV CV 

onc^ 

IA IA 

>0 

<\J rv 

cv 

cv 

»v 

CV 

cv 

cv 

CV 

A 

CV A CV CV 

rv cv tv co pn <0 

ro 

ro co 

<0 fr CO CO 

ro co 

ro 

lA C\J 

IT. 

IA 


IT 

« 

J- 


co 

c- © c*» m 

>r ^ e it -t ir 

IT 

cv ir 

« e Cf 

O' O 

© 

cv c 

If 

O 

m 

a 

m 

CO 

a- 

a- 

v 0 * r- 

r- ro <0 a- m <7* 

IT 

0 cv rH A CV 

CV A- 

IA 

m ro o 

IA 

H 

lA 

o 

cv «r 


CD O CP C 

CV O' If' H IP p 

m n m h ic j 

CC 0 o-t 

a- -D 

«i* 

. 

m 

<V 

o ® 

a- 

*rs 

ro 

• 

HOnr 

• • • • 

lA A- CC O CV CO 

*- 

• 

vO A 

• * 

CO O o O o «-« 

• 


»HiAU'cviA,caL*tfoOOO©oo**.«ctA«SiiAiA»'HiAtt>r«#mcoo 

cootAocv.-i.©r*<vcvf-iAf^cvAjfv.o»-tcvotAOco a- co co a- •*■ o 

r'^0'fvMtinHO + irOrio® 4 -«Hrtm^{nr. rtircrN-f^oo 

rj m 4 £ N 4 o cr oo*— i ^ rH O O O O a, N J) ^ m fvi O ® I' irs^i-tO 


cv rv cv <v cv 

I I I I I 


HHH | | | | | O 

I I < 


* ia «c a- 

* v 


O'OrHN^^tn'CNtt'O O H CVi r 
• 4 -»riAiA»AtAiAritniA»A' 0 'C ®'0 


>f Ifl^l S®?OHMM 


A-207 



u.*o 


I t—t t— I K* I I— . t— I ( I H t— I I 


A- 2-0 8 


C N ( X ) C Y { X ) CP(0) f»(90> fP(lflO) (SEPARATION POINTS) 

5,mE-02 7.6 7 <>E-02 6.56*E-02 -l.^Ope-ni -4.13BE-02 

Y Z BETA 

CN C* CY CR CSL l.AOA 1.580 130. * 

4.00QF-01 -2.O70F4OO - 2 . 01 Ar -01 ?,35OF4Q0 -T.3ME-17 -2.X0B .159 265.7 


o o r* 

v c +■ 

* CC 


C O O' 

H. GO 

♦ O C- 


o O m 
a. o ■J" C 7 
u o *-* O 


in c in 
Ok. *-t IT* <4 

O o o o 


G >£. * *c 

a >c co 

< Olf H 


<_> < rn O 
& •£ a: tr 
< c in 4 


c c o c 
v- o c *c 

LL: O C m 


< C C •- 
K C C C 
u c c 


IT 4 O 
H CL X 
r^ r-t ^ m 


o r -4 
coo 
> c *-• <4 


^ f- oo 
oxo 
> -4 O' -4 


y > ^ k 
ys wm 

Hi (M») 
O < •>£ *H 
h* o a; -4 


rl > 

H H h X 
• ft 4 N 
W (V lf\ 4 

<ON 

■ x: • • 

X- I 


O K * ♦ 

u.i >- v * 

X o c * 

v> a o * 

■ CL. * 

U. * 

o >- > ♦ 

♦ I * 


A-209 


WldZ 

^6 &QV • S6&0V 

00u00*0 00000 



C* - 2 .J 7«53 — ■> , 07 *>49 

CLN 2 . 35 <H 5 ? ^ 5 9 1 9 


c 

C 3 

c, 

c 

o 


I 


C- 

o 

e 

o 

o 


> 


tr 



CHHM^r^rJC 

OOOOOOOO 

♦ 4-1 I ♦ + I + 

UJ U. U. u. U. U. U U_ 

foj-0'r®0'©<' 
c\jr0C7 0trir>mr 
c>— <fMr-r-c\jro«Ni 
'OHHcmNPW) 

oo fn M in c\( a 

• ••••••a 

I I Ilf 

oooocooo 

♦ ♦♦♦♦♦♦♦ 

U . 1 UJ IL U . 1 Ly ii. dJ LL 

O'Ctt HOOincr 

fNjfNjin^^^r-oo 

MO'^cjwr'OJV 

CIWhhHHhJ' 


oooooooo 
♦ ♦♦♦♦♦♦♦ 
UJ U~- U U.' dl ti u u. 
^ HUMA O c IT 1 A 
pnirisTiTimccoo^ 
r*. n o N 4 4 »* 

m 3 r- ^ q ^ 


I I 


I 


I 


» ot hm ♦ i rs >c 




A-210 



(c) Steps 4-6, program LRCDM2 
Figure A. 7.- Concluded. 

(pages 212 through 259) 
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STEP ^ LOADS ON TAIL FINS WITHOUT VORTEX EFFECTS 
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1 44 CONTROL POINTS ANO PRESSURE POINTS WRITTEN TO TAPE 4 FROM SUBROUTINE BOYPR 
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CONTROL POINT COORDINATES FOR A CHOROWISE BY 6 SPANwISE PANELS ON FIN I OR R, 6 SPANWISE ON FIN 2 OR L 

AND 6 SPANWISE PANELS ON FIN 3 OR U 6 SPANWISE ON FIN A OR 0 
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** SPECPR *• 

VELOCITIES AND BERNOULLI PRESSURES AT CONTROL POINTS IMMEDIATELY ABOVE AND BELOW FIN SURFACE *** STEP 


ORIGINAL PA§E- ® 
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S.E. AUGMENTATION OF F T N NORMAL FORCE FROM SUCTION CONVERSION IN PROPORTION WITH FACTOR 
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APPENDIX B 


PROGRAM BDYSHD 


B.l INTRODUCTION 

This appendix provides user-oriented information for the 
optional application of vortex-shedding program BDYSHD to the 
afterbody of a complete supersonic configuration consisting of a 
set of forward fins and a set of tail fins mounted on an 
axisymmetric body. The afterbody is the length of body between 
the forward- and tail-finned sections. 

Program BDYSHD has been specifically designed to be used as 
a companion program in an optional step (step 3a) of the stepwise 
procedure of program LRCDM2 as described in section 2.3 and in 
Appendix A of this report. Program BDYSHD should be engaged for 
cases with included angles of attack in excess of 10° and for 
afterbody lengths longer than about 10 diameters. 

In essence, BDYSHD is a modified version of forebody vortex- 
shedding program NOSEVTX referred to in reference 5 and described 
in detail in reference 6. The major differences between program 
BDYSHD and program NOSEVTX are listed in section 2.2 of this 
report . 

A general description of the method of analysis and the 
optional use of program BDYSHD in conjunction with program LRCDM2 
will be given. This is followed by descriptions of the program 
input and output. A sample case involving program LRCDM2 and 
companion program BDYSHD is given in section A. 9 of Appendix A. 
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B.2 GENERAL DESCRIPTION 


Program BDYSHD calculates pressure distributions and forces 
and moments acting on axisymmetric afterbodies under the 
influences of vortices generated by the forebody and the forward 
fins and additional vortices shed from the afterbody surface 
(step 3a). The development of the afterbody shed vortices is the 
main feature of this program and the essential theoretical 
methods are summarized next. Detailed descriptions are provided 
in reference 6. A subroutine calling sequence chart for BDYSHD 
is shown in figure B.l. The common block cross reference map and 
subroutine cross reference map are given in figure B.2 and figure 
B.3 respectively. 

Immediately aft of the trailing edge of the forward-finned 
section, the circumferential pressure distribution is computed on 
the afterbody on the basis of the compressible Bernoulli pressure 
calculation method. In this calculation, velocities induced by 
linearly varying line sources/sinks and line doublets used to 
model axisymmetric bodies in supersonic flow are added to 
contributions from the body-nose vortices (if present) and 
forward-fin wake vortices. Program BDYSHD performs the body 
modeling (it is the same as used in LRCDM2) and the vortex 
information at the beginning station is transferred on TAPE8 from 
LRCDM2 to BDYSHD at the completion of step 3. Once the 
circumferential pressure distribution is determined, program 
BDYSHD applies a modified Stratford criteria to the pressure 
profile. If certain conditions related to the circumferential 
pressure gradient and pressure coefficient are satisfied (details 
in ref. 6), separation points on the circumference of this axial 
station are computed and vortices shed from these points. All 
the vortices are tracked to the next axial location and the 
circumferential pressure distribution is calculated again 
including effects of the body singularities, body-nose, fin-wake 
vortices and the additional shed vortices if they were formed at 
the previous station. 
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The above process is repeated at many axial stations along 
the afterbody length up to to the leading edge of the tail-finned 
section. Note that the vortex paths are calculated on the basis 
of vortex tracking methods involving slender body theory for 
vortices in the presence of one another and the afterbody. At 
each axial station, the circumferential pressure distribution is 
integrated to obtain force and moment coefficients for a body 
ring, and the accummulated values are calculated up to the axial 
station under consideration. Towards the tail section, the 
vorticity shed from the afterbody forms two vortex clouds which 
can be asymmetric depending on the lateral locations and 
strengths of the upstream vorticity at the beginning station as 
transferred from LRCDM2 . 

At the last axial station immediately ahead of the tail 
section, program BDYSHD transfers the vortex strengths and 
crossflow coordinates to LRCDM2 . In this transfer on TAPE 8 , the 
body-shed vorticity in the vortex clouds are represented by their 
centroids of vorticity if the number of shed vortices exceeds 
number NVTRNS specified in the input of BDYSHD. However, the 
forebody vortices (if any) and the forward-fin wake vortices are 
kept separate from the additional afterbody-shed vortices. 
Finally, at the conclusion of step 3a, program BDYSHD computes 
the forces and moments acting on the afterbody and these loads 
are added to the total forces and moments calculated by LRCDM2 up 
to the end of the forward-finned section. This information is 
stored on TAPE 9. 

Program BDYSHD has internal error messages. In most cases, 
they are self explanatory. In addition, there are execution 
stops at numbered STOP locations within the program. They are 
described on page 26 of reference 6. Messages concerned with the 
body paneling scheme do not apply to program BDYSHD. 


B-^3 



B.3 DESCRIPTION OF INPUT 


The input for program BDYSHD is a simplified version of the 
input for NOSEVTX described in detail in reference 6. The 
simplifications are the result of eliminating the body-paneling 
scheme used in NOSEVTX which is applicable to various body cross 
sectional shapes. The paneling method is replaced with the much 
simpler line singularities distributed along the body centerline 
for bodies with axisymmetric cross section and pointed noses. 
Therefore, the amount of input has been decreased appreciably. 

The program user can refer to reference 6 for the original 
NOSEVTX input description. New items in the input for program 
BDYSHD are indicated with (NEW) in the list of variables given 
below. References are made to the body coordinate system (x^, 
y B , z B ,) which has its origin at the body nose, refer to figure 
A. 4 in Appendix A. Note that new input Item 19, namelist $BODY, 
is the same as the step 1, Item 9 input for LRCDM2, Appendix A. 


INPUT VARIABLES FOR PROGRAM BDYSHD 


Program 

Variable 

Item 1 

NCIR 

NFC 

ISYM 

NBLSEP 


NSEPR 

NSMOTH 


NDFUS 

NDPHI 


Format Comments 


(1615) Single card containing 16 integers, 
each right justified in a five 
column field. 

NCIR = 0 


NFC = 0 


Symmetry index. 

= 0, right-left flow symmetry 

= 1, no symmetry 

Body vortex separation index. 

= 0, no separation (required if 
a = 0 in item 5 ) . 

= 1, laminar separation, 
Preferred . 

= 2, turbulent separation. 


Reverse flow separation index. 

= 0, no separation 

= 1, laminar separation in 

reverse flow region 

Vortex induced velocity smoothing 

index . 

= 0, no smoothing 

= 1, vortex smoothing in pressure 

calculation 

= 2, vortex smoothing in velocity 

field calculation 

= 3, combination 


Vortex core model index. 

= 0, potential vortex 

= 1, diffusion core model, 

preferred . 


Unsteady pressure term index. 

= 0, omit 6<f>/<St from C p 
calculation 

= 1, include 6<j>/6t term 

= 2, include 6<|>/6t term at all 

axial stations except first 
station XI, item 6 below, 
use NDPHI = 2 (NEW) 
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INP 


Nose force index 

= 0, slender body theory force on 
portion of nose ahead of 
starting point (XI) 

= 1, zero force on nose ahead of 
XI. Use this value 

NXFV Number of x B -stations at which flow 

field is calculated or special 
output is generated. See Item 12, 
below. 0 < NXFV < 8 

NFV Number of field points for flow 

field calculation See Item 13, 
below. 0 < NFV < 200; set NFV=0 

Number of + r vortices on +y B side 
of body to be input for restart 
calculation. See Item 15, below. 

0 < NVP < 70; 

normally not used, set NVP=0- 

Number of -r vortices on -y B side 
of body to be input for restart 
calculation. See Item 16, below. 

0 < NVR < 30; normally not used, 
set NVR=0 . 

NVM Number of - r vortices on -y B side 

of body to be input for restart 
calculation. See Item 17. NVM = 0 
if ISYM = 0. 

0 < NVM < 70; normally not used, 
set NVM = 0 

NVA Number of +r reverse flow vortices 

on -y B side of body to be input for 
restart calculation. See Item 18. 
NVA = 0 if ISYM = 0. 

0 < NVA < 30; 

Normally not used, set NVA = 0. 

NASYM Asymmetric vortex shedding index. 

See Item 7. 

=0, no forced asymmetry. Use 
this value. 

= 1, forced asymmetry. 

Item 2 (1615) A single card defining seven 

integer output option indices. 

NHEAD Number of title cards in Item 3. 

NHEAD > 1 


NVP 


NVR 
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NPRNTP 


NPRNTS 


NPRNTV 


NPLOTV 


NPLOTA 


NPRTVL 


Pressure distribution print index. 

= 0, no pressure output except at 
special Xg-stations 
specified by Item 12 below. 

= 1, pressure distribution at 

each Xg-station calculated 
by the progam. 

Vortex separation print index. 

= 0, no output 

= 1, output at each Xg-station. 

Preferred. 

= 2, detailed separation 

calculation output. For 
debugging purposes only. 

Vortex cloud summary output index. 

= 0 f no vortex cloud output. 

= 1, vortex cloud output. 

Preferred . 

Vortex cloud printer-plot option. 

= 0 , no plot 

= 1, plot full cross section on a 

constant scale. 

= 2, plot upper half cross 

section on a constant scale. 

= 3, plot full cross section on a 
variable scale. 

Plot frequency index. 

= 0, no plots 

= 1, plot vortex cloud at 

specified Xg-stations. See 
Item 12. 

= 2, plot vortex cloud at each 
Xg-station . 

Velocity calculation auxiliary 

output for debugging purposes only. 

= 0, no output. Preferred. 

= 1, print velocity components at 

field points. See Items 12 
and 13. 

= 2, print velocity components at 
body control points during 
pressure calculation. This 
option can produce massive 
quantities of output. (Not 
recommended) 
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NVTRNS 


Maximum number of body-shed and 
specified vortices transferred to 
program LRCDM2 on TAPE8. If 
NVTRNS=0 , the afterbody vortices 
are represented by centroids of 
vorticity, preferred value (NEW). 


Item 

3_ 

( 20A4 ) 

A series of cards containing 
Hollerith information identifying 
the run. 

TITLE 



NHEAD cards of identification. 
Information to be printed at top of 
output. 

Item 

4_ 

(8F10.5) 

Reference information used in 
forming aerodynamic coefficients. 

REFS 



Reference area. REFS > 0; set 
equal to reference area SREF of 
LRCDM2 input in Item 2 of step 1, 
Appendix A. 

REFL 



Reference length. REFL > 0; set 
equal to reference length REFL of 
LRCDM2 input in Item 2 of step 1, 
Appendix A. 

XM 



Moment center; set equal to moment 
center XM of LRCDM2 input in Item 2 
of step 1, Appendix A. 

SL 



Body length (L), same as LBODY in 
item 19 below. 

SD 


D 

Body maximum diameter 

Item 

_5 

(8F10.5) 

Flow condition parameters 

ALPHAC 

“c 

Angle of incidence, degrees (0° 

< a < 90°) . 

If a =0°, set NBLSEP = 0 in Item 
c 


1 . 


Note: Value for ALPHAC should be 

the same as the (one) value for 
ALFS input for LRCDM2, Appendix A, 
item 3 of input required for all 
runs . 
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PHI 

♦ 

Angle of roll, degrees. 



Note: Value for PHI should be the 

same as the (one) value for FEES 
input for LRCDM2, Appendix A, item 
5 of input required for all runs. 

RE 


Reynolds Number ( V^D/v) 

VISR 


Viscosity ratio (v /v). To be used 
to increase diffusion effect of 
vortex model. Preferred value = 

1.0. 

XMACH 


Mach number, ; set equal to 

Mach number FMACH of LRCDM2 input 
in Item 2 of step 1, Appendix A. 

I tem 6 

(8F10.5) 

A single card containing the 
specification of the axial extent 
of the run and certain parameters 
associated with the vortex wake. 

XI 


Initial Xg-station. XI > 0, use 
axial location of canard trailing 
edge . 

XF 


Final Xg-station. XF > XI , use 
axial location of tail-section 
leading edge. 

DX 


Increment in x 0 for vortex shedding 
calculation. Typical value, 

DX ~ D/2 

EMKF 


Minimum distance of shed-vortex 
starting position from body 
surface. 

= 1.0, vortices positioned such 

that separation point is a 
stagnation point in the 
crossflow plane. 

> 1.0, minimum radii away from 

body surface for shed 
vortices. Typical value, 
EMKF = 1.05. 

RGAM 


Vortex combination factor. 

= 0.0, vortices not combined. 

Preferred. 

> 0.0, radial distance within 

which vortices are 
combined. Typical value, 
RGAM = 0.05 D 
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VRF 


RCORE 
I tern 7 

E5 

XTABL 

XASYMI 

XASYMF 

DBETA 

Items 8, 
characteristi 

Item 8 

NXR 

Item 9 


Vortex reduction factor to account 
for observed decrease in vortex 
strength. 

= 6.0, for subsonic flow, not 
applicable to BDYSHD 
= 1.0, for closed bodies, or 

supersonic flow. Use this 
value . 

Vortex core radius, normally use 
0.25 (NEW). 

(8F10.5) Contains only one variable that is 
of general use in program BDYSHD, 
and that is the integration error 
tolerance, E5. The next three 
variables concern the use of forced 
asymmetry for bodies at very high 
angles of attack in subsonic flow, 
not applicable to BDYSHD 

Error tolerance for vortex 
trajectory calculation. 

Typical range, E5 = 0.01 to 0.05 

XTABL = 0.0 

Initial x^-location at which forced 
asymmetry of separation points is 
used. Typical value, XASYMI = 0.0 

Final Xg-location at which forced 
asymmetry of separation points is 
used. Typical value, XASYMF = 0.0 

Amount of forced asymmetry for 
separation points on body, 
degrees. Typical value, DBETA = 

0.0 

9, 10, and 11 provide a table of geometric 
s that must be input for the afterbody. 

(15) 

Number of entries in body table. 

( 1 < NXR < 50) ; 

normally NXR=1 for constant radius 
afterbody. 

(8F10.5) 
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XR 


x B -stations for geometry table ( NXR 
values, 8 per card) 


Item 10 (8F10.5) 


R 



Body radius at Xg-stations (NXR 
values, 8 per card) 

Item 

11 

(8F10.5) 


DR 



Body slope, dr /dx at Xg-stations 
(NXR values, 8 per card). For 
constant radius afterbody DR = 0.0. 

Item 

12 

(8F10.5) 

This item is included only if NXFV 
> 0 in Item 1 above 

XFV 



Xg-stations at which field point 
velocities are calculated or at 
which optional output is generated, 
8 stations maximum. 

Item 

13 


This item is included only if NFV > 
0, Item 1 above 

YFV , 

ZFV 


y B , Zg coordinates of field points 
at which velocity field is 
calculated. These are expressed in 
terms of local body radius, y/r Q , 
z/r Q . (NFV cards with one set of 
coordinates per card) 

Item 

14 

(8F10.5) 

Contains the nose force and moment 
coefficients at the first axial 
station upstream of the restart 
point. When program BDYSHD is used 
in conjunction with program LRDCM 2 , 
these values are set to zero. 

CN 



Normal force coefficient 

CY 



Side force coefficient 

CM 



Pitching moment coefficient 

CR 



Yawing moment coefficient 

CSL 



Rolling moment coefficient 

CA 



Axial force coefficient 
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Item 15 


(8F10.5) 


GAMP 
YP, ZP 
XSHEDP 
Item 16 


GAMR 
YR, ZR 


XSHEDR 
Item 17 


GAMM 
YM, ZM 


XSHEDM 
Item 18 


GAMA 


A block of NVP cards to specify the 
positive separation vorticity on 
the right side of the body. 

Omitted if NVP = 0, Item 1 above 

r/V , positive separation 
vorticity on right side of body. 

Coordinates of discrete vortices on 
right side of body at XI. 

x B -location at which vortex was 
shed . 

(8F10.5) A block of NVR cards to specify the 
secondary vorticity on the right 
side of the body. Omitted if NVR = 
0, item 1 above 

r/V , reverse flow or additional 
vorticity on right side of body. 

Coordinates of discrete vortices on 
right side of body at starting 
point ( XI ) . 

x n -location at which individual 
vortex was shed (may be 0.0). 

(8F10.5) Specifies the negative separation 
vorticity on the left side of the 
body, analogous to Item 15. 

Omitted if NVM = 0 or ISYM = 0, 

Item 1 above. 

r/V , negative separation 
vorticity on left side of body. 

Coordinates of discrete vortices on 
left side of body at starting point 
(XI) . 

X B -location at which individual 
vortex was shed (may be 0.0). 

(8F10.5) Specifies the secondary vorticity 

on the left side of the body. This 
item is analogous to Item 16, and 
is omitted if NVA = 0 or ISYM = 0 

r/V , reverse flow or additional 
vorticity on left side of body 
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YA , ZA 


Coordinates of discrete vortices on 
left side of body at starting point 
(XI) 


XSHEDA 
Item 19 


NXBODY 


LNOSE 


LBODY 

BCODE 


x B -location at which individual 
vortex was shed (may be 0.0). 

(namelist) Namelist $BODY read in by 

subroutine BDYGEN. Consists of 
four variables describing the body. 
(NEW). 

Number of line sources/sinks and 
line doublet singularities 
distributed along body centerline. 

Length of nose part of body 
measured from nose tip, dimensional 
( real variable ) . 

Length of body, dimensional (real 
variable ) . 

Control index (integer) for 
specifying forebody shape over 
length of LNOSE 
= 0, Parabolic 
= 1, Sears-Haack 
= 2, Tangent ogive 
= 3, Ellipsiodal 
= 4, Conical 
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B . 4 DESCRIPTION OF OUTPUT 


The output of program BDYSHD is essentially the same as the 
output of program NOSEVTX described in detail in reference 6. In 
that output description, however, any references to source panels 
do not apply to BDYSHD. In what follows, the output of BDYSHD 
will be summarized for the normally used output options NPRNTP=0 , 
NPRNTS=1, NPRNTV=1 , NPL0TV=3 , NPL0TA=1 and NPRTVL=0 specified in 
Item 2 of the input for this program. Output for a sample case 
is shown in figure A. 7 of Appendix A. 

The output of BDYSHD opens with reference quantities, flow 
conditions, initial conditions and options chosen in the input. 

Of importance is the list of vortex strengths and locations 
transferred from LRCDM2 at the end of step 3 on TAPE8. This is 
followed by the input supplied to flow model the afterbody which 
in fact starts at x B = 26.93 and ends at x R = 80.73 inches in the 
sample case. Program BDYSHD distributes line singularities from 
the body nose, Xg = 0.0, to the body base, Xg = 102.32 inches. 

The solution for the complete body follows, and it is 
characterized by the linearly varying line source strength 
constants, T (I), the linearly varying line doublet strength 
constants, TC (I), and the line singularity starting locations X 

(i X B ). 

The following pages of the output contain pressure 
distributions, vortex positions in the cross flow plane, 
separation data and integrated forces and moments at the first 
station XI specified in Item 6 of the input. Detailed 
descriptions are given on pages 52 through 55 of reference 6. 

The same information is given at many axial locations along the 
afterbody. In particular, the pressure distributions are given 
at axial stations closest to the stations XFV specified in Item 
12 of the input. These axial locations do not coincide 
necessarily since the program-calculated stations depend on an 
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integration step Ax g set by the integration routine DASCRU. At 
the end of the output, Xg = 80.75 in the sample case, the 
important information includes the total forces and moments 
acting on the afterbody calculated on the basis of Bernoulli 
pressures listed under the heading "CONTRIBUTION OF BODY SECTION 
TO TOTAL LOADS". In addition, the body-shed vortex strengths and 
lateral locations at the end of the afterbody are given in 
nondimensionalized form. The output concludes with a list of all 
the vortices (including body-nose vortices, if present, and the 
fin-wake vortices), their locations in the crossflow plane (Y = 
Y B , Z = z 0 ) and strenghts ( r divided by free stream). This 
information is transferred back to LRCDM2 on TAPE8 prior to 
analysis of the tail section. 
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Figure B.l - 

SUBROUTINE CALLING SEQUENCE OF PROGRAM BDYSHD 
(Pages 1 through 4) 
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Figure B.2 - 

COMMON BLOCK CROSS REFERENCE MAP FOR PROGRAM BDYSHD 

(Pages 1 through 2) 
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Figure B.2 - Common block cross reference map for program BDYSHD. 
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APPENDIX C 


FIN-EDGE VORTICITY, EFFECTS OF EXTERNAL 
VORTICES, BODY FORCES AND MOMENTS 

C.l INTRODUCTION 

This appendix contains descriptions of the updated 
analytical treatment of leading— and side-edge force augmenta- 
tions and vorticity characteristics. This is followed by the 
updated calculation of fin trailing-edge vorticity for a fin 
with arbitrary dihedral or cant angle. The updates refer to 
improvements and changes since the descriptions of the above 
characteristics in Appendices C and B, respectively, in 
Reference 1. The updates are related to the formulation of 
the spanwise loading distributions in the local fin coordinate 
system in order to allow for arbitrary fin location and cant 
angle . 

A short description is given of the approach used to 
account for external vortex effects on the body and fin loads. 
Finally, the expressions used to integrate the pressures 
acting on the axisymmetric body for obtaining the body forces 
and moments are discussed. References are made to variable 
names and routines of program LRCDM2 (refer to Appendix A of 
this report for routine calling sequence chart) . 


C . 2 ANALYTICAL TREATMENT OF LEADING- AND 
SIDE-EDGE VORTICITY CHARACTERISTICS 


For fins with sharp edges and subjected to sufficiently 
high angles of attack, lift augmentation and vortex formation 
occurs at those edges due to flow separation. The vortices due 
to the forward- finned section are introduced into the flow along 
the afterbody and tail fins. It is therefore necessary to 
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estimate these vortex characteristics and to include effects 
induced by these vortices on the afterbody and tail fins . 

One of the simplest approaches is to relate the 
strength and location of the leading- and side-edge vortices 
to the suction distributions by means of the Polhamus analogy 
(refer to Appendix C of Ref. 1). The suction distributions 
are related to the in-plane forces calculated as an extension 
to the constant u-velocity panel theory. Effects of leading- 
edge sweep breaks in the vortex formation and effects of 
vortex bursting are presently not accounted for. 

The basic methods involved in the determination of 
leading- and side-edge vortex characteristics are described in 
Appendix C of Reference 1 for cruciform or planar fins. In 
program LRCDM2 , geometrical restrictions concerning fin dihedral 
angle and position on the body circumference have been relaxed. 
In essence, the fin plane does not have to be a radial plane 
passing through the body centerline. This means that span-load 
and suction distributions need to be computed as a function of 
the local fin spanwise coordinate, y p . The following sketch 
shows the lateral components (y F ,z p ) of the fin local coordinate 
system for all fins of a cruciform fin layout and for one fin 
of an arbitrary layout. Note that fin location angle THETR 
or THETL etc. need not be equal to fin dihedral or cant angle 
PHIFR or PHIFL , etc. The local fin y p -coordinate lies in the 
plane of the fin and is measured normal from the fin root 
chord. The directions can be outboard or inboard depending 
on the location of the fin (or equivalently its number 
designation) . 
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Arbitrary fin layout 


Cruciform fin layout 


(Looking forward) 




The updated method for calculating the normal force and 
lift augmentation and the attendant vortex characteristics 
associated with the leading and/or side edge will now be 
described. For the leading edge the integration of suction in 
the spanwise direction is specified as CSINT. 


MSW c c 

CSINT = 2b l s 


i=l 


2b 


Ay 


F,i 


(C-l) 


where MSW is the number of constant u-velocity panels in the 
spanwise direction. The moment with respect to the fin root 
is calculated as 


MSW 

CSMOM = 2b l y 
i=l 


c s c 


F , i 2b 


Ay 


F , i 


(C-2) 


The meanings of the terms appearing in the above equations are 
shown in the sketch below. This sketch shows a fin in planform 
with root chord c r mounted on a body. A two-chordwise (NCW=2) 
by three-spanwise (MSW=3) paneling layout is indicated on the 
fin planform. Also depicted are the distributions of suction 
along the leading and side edges. In routine SPNLD of 


C3 


2 


-►y 


s 

= 

— jC 2b 

LE 


Leading 

edge 



program LRCDM2 , variables CSINT and CSMOM are computed as 
positive (or zero for supersonic edge) quantities. The spanwise 
center of gravity (or pressure) of the suction distribution is 
designated CGLOC . In the fin coordinate system it is given 
by the ratio of the moment over the suction force. 


v 

J c .g . suction 


= CGLOC 


T.'R 


'csmom) 

csintJ 


(SIGN) 


(C-3) 


Quantity SIGN equals positive one (+1) for fins 1 or R and 3 
or U, and equals negative one (-1) for fins 2 or L and 4 or D. 
In this way, the c.g. location is consistent with the fin 
coordinate system. 

In accordance with Polhamus ' analogy relating the augmenta- 
tion of normal force on the leading edge to suction, the added 
normal force in coefficient form is given by 


TJ 


= K 


LE suction 


V ,LE 


(CSINT) 

S ref 


(C-4 ) 


where K v LE is the vortex-lift factor for the leading edge and 

S r is the reference area. Factor K T „ has default value 
ref v,LE 

0.5 in program LRCDM2. Refined values on the basis of experi- 
mental data can be obtained from Figure 9(a) in Reference 8 
as a function of Mach number and aspect ratio. The additional 
lift can be related approximately to the normal force in 
accordance with 


= C 


LE suction 


N 


LE suction 


cos(a„ + 6) 


(C-5 ) 


Here is the angle of attack seen by the fin and 6 is the 
angle of deflection of the fin. The quantity is related to 

angle of pitch a and angle of sideslip 3 defined in 
Equation (3) in this report as follows. 

a F = sin 1 (-sinB sin<J)p + sina cos<}> F ) (C-6) 


Angle <j> F is the dihedral angle (PHIFR, etc.) of the fin. 

If the fin has a side edge with nonzero length, additional 
normal force is produced that is related to the suction along 
the side edge. If this is the case, the integration of suc- 
tion is continued from the leading edge onto the side edge 
using quantity CSINT and suction forces FT2^ t shown in the 
previous sketch. 
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NCW 

csint Itotal - csint Ile + J , PT2 it < C - 7 > 

lt=l 

V / 

csin t| se 

Similarly, the moment associated with the side— edge suction 
is added to the moment determined for the leading edge (b/2 is 
the exposed fin semispan) . 


CSMOM 


TOTAL 


CSMOM + 
' LE 


NCW 

I 

it=l 


FT2 


it 


CSMOM 


SE 


(C-8 ) 


The suction forces acting on each panel outboard aft corner of 
the panels nearest the fin side edge are designated FT2^ t * 

Two are shown in the previous sketch. 

The spanwise center of gravity (or pressure) of the total 
distribution of the suction along the leading and side edges is 
given by 


■c.g. , 


suction 

1 LE+SE 


with SIGN having the meaning given previously in connection 
with Equation (C-3) . If the fin does not develop suction 
along the leading edge (i.e., when the leading edge is 
supersonic) , the above treatment is to be applied to the side 
edge only. In that case, 


CSINT| t17 = 0.0 
1 LE 

CSMOM | LE =0.0 


(C-10) 


and the spanwise center of gravity is located at the fin side 
edge. By another application of Polhamus' analogy, the total 
increment in normal and lift force acting on the fin with 
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leading- and side-edge suction can be expressed as 


CSINT 


'N 


— , 

LE+SE suction v,LE s re f 


LE 


CSINT 


+ K 


SE 


V,SE S 


ref 


HC-11) 


LE+SE suction 


= C 


N 


LE+SE suction 


cos(a„ + 6) 


where K v , gE is the vortex lift factor for the side edge. 

In program LRCDM2 , factor K has default value 1.0. For 

V f D£< 

supersonic flow, there are few experimental data from which 
side-edge normal force or lift augmentation can be 
deduced. For sharp side edges, it is assumed that all of the 
suction is converted to additional normal force. 


The vorticity associated with the total lift augmentation 
for the fin can be represented as follows. A horseshoe 
vortex is positioned with its bound leg in the plane of the 
fin and the outboard trailing leg at the center of gravity 
of the suction distribution. The inboard leg lies along 
the fin root as shown in the following sketch. Assuming that 



*In any event, the incremental force on the side edge is assumed 
to act at mid chord. 
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the additional (augmented) lift generated on (or actually 
near) the leading and side edges acts on the bound leg of the 
representative horseshoe vortex, the Kutta-Joukowski law for 
lift provides the following expression for the vortex strength 


LE+SE 


c.g. , suction V 


k v,le csint Ile + k v,se csint !se 


cos (a 


+ 6 ) 


F 

(C-12 ) 


or 


LE+SE 


K v,LE CSINT lLE + K v , SE CSINT I SE 

y 

c.g. , suction 


cos(a F + 6) 


(C-13 ) 


The elevation of this vortex above the fin plane is related to 
angle a p /2 (= a^/2) as described in Section 2.4 in this report. 

In summary, the above method provides a simple model for 
the vorticity associated with leading- and side-edge flow 
separation. In reality a rolled up sheet of vorticity appears 
on top of the fin at its trailing edge. It is represented here 
by a concentrated, discrete vortex. 

The force and moment augmentations due to leading- and 
side-edge flow separation are included in the summing of 
overall forces and moments acting on the complete configura- 
tion. 


C.3 CALCULATION OF FIN T RAILING-EDGE VORTEX 
CHARACTERISTICS FOR FINS WITH ARBITRARY 
CANT (OR DIHEDRAL) ANGLE AND ARBITRARY 
LOCATION ON THE BODY 


This section is concerned with the changes to the method 
described in Appendix B of Reference 1 for cruciform and 
planar cases. The purpose of the method is to represent the 
trailing-edge wake of the fin by discrete, concentrated 
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vortices. In this account, the vortices emanating from the 
trailing edge are related to the span-load distribution asso- 
ciated with attached flow on the fin. Leading- and side-edge 
flow separation and the attendant augmentation to normal force 
and moments acting on the fin are not included. A separate 
analysis, given in the previous section, describes the repre- 
sentation of the vortices associated with the leading and side 
edges . 

The principal modification to the original method consists 
of referring all calculations relative to the fin-body 
junction instead of the body centerline. This allows for 
arbitrary fin location and cant angle. Thus, coordinate 
transformations will be added to account for the fact that the 
fins may be in planes other than the major planes. 

Consider a fin with exposed semispan b/2 attached to a 
body as shown in the following sketch. An external vortex 
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passes over the fin. The resulting span load distribution is 
indicated. The distribution of the vorticity at the trailing 
edge is also shown. It is desired to determine the strength (s) 
and location (s) of the concentrated vortex (vortices) 
representing the wake . 

In the preceeding stection, the fin local coordinate system 
(x F /y F ,Zp) was introduced with the y F -axis in the plane of the 
fin and directed outboard or inboard depending on the fin 
designation. The zp-axis is normal to the plane of the fin 
and x F extends aft along the fin root. Origin Op is at the 
leading edge of the root chord. The spanwise load distribu- 
tion will be calculated as a function of coordinate y F . 

It can be shown* that under the assumptions of no side- 
slip and the pressure being linearly related to the potential, 
the trailing-edge vorticity T TE can be related to the span 
loading as follows. 


1 3r TE 1 3 , 

v„ 5y p ' 2 3y F cc n 


(C-13) 


This relationship will be used here for fins with sideslip 
as an approximation. The approximation is valid provided the 
actual span loading is used (i.e., cc n is representative of 
the fin load including effects of sideslip) . 

In order to represent the distributed trailing-edge 
vorticity by concentrated vortices, the spanwise load distri- 
bution based on the Bernoulli pressure expressions is 
calculated first in routine SPNLD. For the case when this 
distribution exhibits extrema in between the root and side 


*Nielsen, J. N., Spangler, S. B., and Hemsch, M. J.: A Study 

of Induced Rolling Moments for Cruciform-Winged Missiles. 
Nielsen Engineering & Research, Inc. TR 61, Dec. 1973, p. 36. 
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edge, as in the previous sketch, the number of concentrated 
vortices is given by number of extrema plus 1. The trailing - 
edge vortex strength and spanwise position for the inboard 
portion of the span load distribution are then given by 


TE , 1 
V 


1 

2 


C^Fmax 


y F. 


max 


3y 


(cc n )dy F - - \ 


d(cc n ) 


(C-14) 
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(C-15 ) 


l f max a 

- 2 J 3^1 (cC n )dy F 


Integrating Equation (C-14) yields 


r 

TE , 1 
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1 

2 


cc n 


y F 

max 



(C-16) 


Equation (C-15) is integrated by parts with the following 
result . 


1 
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y F 


max 


r max 


y F cc n 


(cc n )dy F 


(C-17 ) 
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r max 


y F CC n 
max 1 y 


(cc n )dy F 
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- cc 
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max 


(C-18) 


In routine SPNLD , the integral in Equation (C-18) is 
designated VALNUM and the denominator is DIFMAX . Quantity 


cc 


n 


is called VALMAX. 


yF max 

The strength and position of the outboard vortex is 
obtained in the same fashion with a change in the limits of 
integration. 
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(C-19) 


Since the span load vanishes at the side edge (not accounting 
for side-edge lift augmentation) , Equation (C-19) simplifies 
to 


r 


TE, 2 
V 


oo 



Y F 

max 


(C-20) 


The spanwise location of the outboard vortex on the trailing 
edge is given by Equation (C-15) with the proper limits of 
integration. 
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- 2 J Y F 5 yT <cc „ )dY F 


max 


f b/2 


1 

2 
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After integration by parts, the result is 
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and finally. 
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Y F„ y F + 


max 
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(C-21) 


(C-22) 


(C-23 ) 
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In the above equation, the integral is called VALINT in 
routine SPNLD. 

If the span load distribution exhibits additional extrema, 

Equations (C-16) through (18) must be applied again with the 

appropriate limits of integration y F , to y F _ . For the 

max f x ^ max f 2 

outboard vortex. Equations (C-19) through (C-23) hold. The 
vorticity for a fin with fully attached flow always leaves 
from the fin trailing edge. 

It should be noted here that the span load distribution 
cc n /2b need not be limited to the attached flow type loading. 
The above treatment holds for any distribution. However, the 
position above the fin for a vortex (or vortices) represent- 
ing leading- and/or side-edge flow separation requires 
further consideration (see Section 2.4 in this report). 

C . 4 INCLUSION OF EXTERNAL VORTEX INDUCED EFFECTS 
IN BODY AND FIN LOADING CALCULATIONS 

This section describes the approaches used to account 
for the influence of external vortices (i.e., body nose and/ 
or wake vortices from the forward fins) on body and fin 
loadings. The description of the treatment will cover the body 
first and the fin next. Certain approximations are pointed 
out . The treatment only applies to program LRCDM2 and not to 
the methods by which vortex effects are calculated in companion 
program BDYSHD . Refer to References 5 and 6 for the latter. 

Consider first the portions of the body without the fins 
(i.e., the axi symmetric forebody and afterbody). For the 
forebody, program LRCDM2 is equipped with a data base (in 
subroutine BDYVTX) containing strengths and lateral locations 
of a symmetrical pair of concentrated vortices as a function 
of distance from the nose. These vortices are representative 
of forebody flow separation. Over the length of the afterbody, 
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canard wake and forebody vortices influence the body loadings. 
If afterbody vortex shedding is to be considered, program 
BDYSHD is engaged as an option. 

Thus, on the forebody the vortex locations are supplied 
as a function of axial distance by the built-in data base and 
vortex tracking is not required. Vortex induced effects are 
therefore determined directly from standard crossflow plane 
theory (employing vortex images inside the body contour) 
implemented in the routines of module VPATH2. A typical 
situation for a case involving nonzero roll angle is shown 
in the sketch below. The external forebody vortices 



are always symmetrically positioned relative to the crossflow 
plane flow vector. The lateral body coordinates (Y b / z b ) are 
also shown. The actual crossflow plane solution for this 
case is a degenerate version (body without fins) of the 
theory discussed in Section 1 of Appendix I of Reference 1. 
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The f low-tangency condition due to the presence of the 
symmetrical vortex pair is satisfied in the slender-body-theory 
sense at any point on the surface of the forebody. Therefore, 
on the basis of the superposition principle associated with 
linear or potential theory, the vortex induced perturbation 
velocities can be added to those induced by the line-source 
and line-doublet singularities used to flow model the 
axisymmetric body. These supersonic line singularities are 
described in Appendix I of Reference 7. The sum of the 
perturbation velocities are then substituted in the compress- 
ible (isentropic) Bernoulli pressure/velocity relationship, 
for example, as in Equation (6) in this report. Loads are 
obtained from integrating the pressures over the body surface 
as described in the next section. In this treatment the 
vortices are assumed to be parallel to the body centerline and 
therefore only induce lateral velocity components. Within 
the framework of this simplest crossflow analysis, the effects 
of the external vortices on the axial perturbation flow 
component are not accounted for. Note that in the computation 
of the Bernoulli pressure coefficient, the u/V component 
is the most important one [refer to Equations (6) and (7) of 
Section 2.6.1 of this report]. Consequently, the Bernoulli 
pressures on the leeward side of the body are not predicted 
well. In fact, the present scheme usually overpredicts these 
pressures. On the windward side where the flow is attached, 
the calculated Bernoulli pressures are valid provided the Mach 
number and/or angle of attack are within the range for linear 
supersonic theory (also refer to Section 2.6 in this report). 

The normal force acting on the forebody is based on the pres- 
sure distributions and is underestimated when vortices are 
present. Without vortices (low angles of attack) , the predicted 
forebody loads are valid. 


C16 


In reality, the external vortices are inclined with respect 
to the body centerline and induce an axial flow component. 

The present method does not include this contribution which 
may be most important when the vortices lie close to the 
body. 

Over the length of the afterbody, the paths of the 
external (body nose and/or canard vortices) vortices are first 
determined by module VPATH2, the vortex tracker. Once the 
lateral vortex positions are known as a function of axial 
distance , the procedure described above for the forebody is 
employed to compute pressure coefficients at points on the 
afterbody. These calculations are performed in subroutine 
BDYPR. Again, only vortex-induced lateral velocity components 
are included and the contribution to the axial component is 
neglected. The same remarks made above apply to the afterbody 
loads under the influence of external vortices. Note that if 
companion program BDYSHD is engaged, the afterbody pressure 
distributions and loads include all effects of external 
vortices including the axial flow components induced by 
afterbody vortices. 

The paths of external vortices over the finned portions of 
a configuration are calculated by module VPATH2. The vortices 
will move from one axial station to the next in accordance with 
crossflow plane theory for external vortices in the vicinity of 
a finned body, at angle of pitch and sideslip. Details are 
given in Appendix I of Reference 1. When a vortex lies close 
to the surface of the body or a fin, an unrealistic vortex path 
may result. At the present time, this is due in part to the 
absence of a vortex-core model in the routines of VPATH2. In a 
case such as this, it is better to make the vortices act as if 
their paths lie parallel to the body centerline throughout the 
length of the finned section by means of the input to VPATH2 
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for steps 2 and/or 5 of the stepwise procedure (Section 2.3) . 

In any event, the f low-tangency condition due to the presence 
of the external vortices is satisfied in the slender-body theory 
(two-dimensional) sense at any point on the body or fin 
surfaces. Then, in order to satisfy the f low-tangency condi- 
tion in the three-dimensional linear theory sense, the effects 
of the vortices with their paths known from the slender- 
body theory calculation are determined at the control points 
of the constant u-velocity panels distributed over the fins. 

In this process, the vortices are assumed to be in the presence 
of the body without the fins (i.e., as shown for two vortices 
in the previous sketch) . In this way, the vortex-induced flow 
components normal to the fins are included in the fin flow- 
tangency condition and directly influence the strengths of the 
constant u-velocity panels on the fins . The Bernoulli pressure 
calculations on the fins include effects of all the panels on 
the fins and interference shell, body line singularities and 
also the velocity lateral components from the external 
vortices calculated with the vortices in the presence cf the 
finned body. On the body surface next to the fins, the slender- 
body-theory f low-tangency boundary condition is retained and 
the Bernoulli pressure calculations receive contributions 
from body line singularities, all panels on fins and inter- 
ference shell and the lateral velocity components from the 
external vortices calculated with the vortices in the presence 
of the finned body. 

C . 5 BODY LOADS CALCULATED FROM PRESSURE 
DISTRIBUTIONS 

In this section, expressions are given for the three 
components of force acting on axisymmetric bodies in the body 
coordinate system (x B ,y B ,z B ) shown in the sketch below. The 
circumferential pressure-coefficient distributions are 
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integrated to give loads acting on a body ring. The forces 
and moments acting on the rings are added over all body rings 
to give overall body forces and moments. 


Consider an axisymmetric body as shown in the sketch below. 
At points on body meridians, pressure coefficients are computed 
in subroutine BDYPR in accordance with the linear and Bernoulli 
expressions, Equations (5) and (6) in Section 2.6.1, 
respectively. The geometrical layout of the pressure points 
provides for a circumferential distribution of calculated 
pressures at many axial stations from the body nose to the 
base including the body portions of the forward- and tail- 



A shaded area is indicated on which pressure p is exerted 
resulting in elemental force AF 

AF = p(rA0)ds (C-24) 

This elemental force has the following components in the 
X B' ^B' an< ^ Z B ^i rec ^i ons • 
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= p(rA0)As sin6 


-p(rA0)As cos6 cosf 


AF = -p(rA0)As cos6 sin( 
Z B 


Noting that 


As = 


cos6 


and integrating around the circumference gives the forces 

acting on a ring, with thickness Ax . 
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( 028 ) 
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Thus, the pressure p can be replaced with the pressure 
coefficient C p . With the pressure coefficients known, the 
following expressions are employed to calculate force and 
moment coefficients acting on a body ring with length Ax fi . 
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(C-29 ) 


ACo = 0.0 


The terms inside the brackets are integrated numerically. 
Program BDYPR sums these quantities based on the linear and 
Bernoulli pressure coefficients to give the loads on the 
forebody, body portion of the forward finned section, after- 
body (unless optional program BDYSHD is engaged) and the 
body portion of the tail section. 
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APPENDIX D 


PRESSURE COEFFICIENTS CALCULATED BY 
SHOCK-EXPANSION THEORY 

D.l INTRODUCTION 

This appendix contains a description of a method for 
calculating pressure coefficients based on two-dimensional 
nonlinear shock-expansion (or tangent wedge) theory. It is 
applied to the calculation of chordwise pressure distributions 
on an airfoil using strips on the top and the bottom. This 
method can also be applied to "strips" laid out along the 
meridians of a body. However, in the application to a body, 
the two-dimensional tangent wedge theory is only a first 
approximation. As an improvement, the tangent-cone method 
can be applied to the body nose tip and Prandtl-Meyer expan- 
sion theory used on the rest of the ogive cylinder type 
bodies . 

In the main body of this report, the nonlinear shock- 
expansion (tangent wedge) method described below is modified 
to account for three-dimensional interference effects. 

D . 2 CALCULATION OF PRESSURE DISTRIBUTIONS ON 
AN AIRFOIL USING SHOCK -EXPANSION THEORY* 

The method of calculating the pressure distribution on an 
airfoil using shock-expansion theory will be described. This 
method is valid up to the angle of attack at which the leading- 
edge shock wave becomes detached. 


This portion of the work is due to Mr. F. K. Goodwin at 
Nielsen Engineering & Research, Inc. and is described in 
Reference D.l. 
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Figure D.l shows an airfoil section whose surface is 
approximated by a series of straight line segments. The number 
of segments on the upper or lower surface equals N. The value 
of x at which a given segment ends, x n , is specified as is its 
surface angle, 0 , measured from the chordal plane. Near the 
leading edge of the airfoil, 0 n is positive. Downstream of the 
point of maximum thickness 0 n is negative. 

On the lower surface, the flow in each region is 
characterized by 

Cp = pressure coefficient, (p^ - P^) /q^ 

^n 

M» = Mach number 
'n 

Vp = local Prandtl-Meyer angle 

Similarly, the flow in each region on the upper surface is 
characterized by 

pressure coefficient, (p u - p^J/q^ 

Mach number 

local Prandtl-Meyer angle 

The calculation of the N values of Cp^ and the N values of 
Cp u will now be described for the lower surface and for the 
upper surface, respectively. Most of the equations used are 
taken from Reference D.2. 


u 


n 


M 


u 


n 


u 


n 
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D.2.1 Lower Surface 




Region 1 (behind shock) 



On the lower surface in region 1 shown in figure D.l, 
the free-stream flow is deflected through an angle 6 where 


5 = OL + 0 J 


(D-l) 


Angle a is the angle of attack seen by the airfoil section at 
its leading edge. 

To calculate the flow quantities in region 1, the shock 
wave angle, 0 S , which is a function of and 6 must be 
determined. This angle can be determined by an iterative 
solution of the following equation (y = 1.4 for air) . 


ctn6 = tan0 g 


(y + 1)M 

1 oo 

2(M 2 sin 2 0 - 1) 

oo 5 


- l 


(D-2) 


This equation [Equation (138) in Ref. D.2] is double-valued 
in 0 . Also, for a given value of M m , there is a value of 
<5 above which no solution can be found, this is the case of 
a detached shock wave. The maximum value of the wedge angle, 
6 , which will allow an attached shock occurs when, from 
Equation (D.2), 
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d6 


0 


(D-3 ) 



Therefore, the maximum value of 0_ for an attached shock wave 
for a given M to can be found by differentiating Equation (D.2) 
and setting the derivative, d<5/d0 , to zero. If this is done, 
the result is 

- [4 - (Y+1)M^] + V (Y+1) 2 M^ + 8 (y+1) (y-1)M^+ 16 (y+1) 

4 Y M^ 


sin0 = 

s 

max 


(D-4) 

which is the same as Equation (168) in Reference D.2 for the 
shock wave angle for maximum stream deflection. Using 0 s 

max 

and M^, Equation (D-2) can be used to find the maximum value 
of 6 for an attached shock wave. 

The procedure to be used in solving Equation (D-2) for 0 g 
for given values of M ro and 6 is: 


1. Determine 0 g using Equation (D-4) . 

max 

2. Using 0 g in Equation (D-2) compute 6 max - 

max 

3. If 6 < 6 solve Equation (D-2) for the value of 0„ 

max 

which will be less than 9s m ax’ 

With 0 determined, the following quantities in region 1 

5 

on the lower surface of the airfoil can be calculated. 


Pressure Coefficient [Eg. (145) , Ref. D.2] 

p £, " p » 4 (M 2 sin 2 0 - 1) 
c = (D-5) 

l - L q “ (Y + 1 )m; 




Mach Number [Eg. (132)/ Ref. D.2] 


i (Y+D 2 M^sin 2 6 - 4 (M 2 sin 2 0 s - 1) (yM 2 sin 2 0 + 1) 

2 2 2 2 1 (D " 6) 

[2yM^sin^e s - (y-1) ] [ (y-l)M“sin 0 s +2] \ 

Prandtl-Meyer Angle v p for M p [Eq. (171c) , R ef. D.2] 
jl 1 ^ 

tan- 1 V'lT 1 (M^ - 1) - - 1 

(D-7) 


Ratio of Total Pressure to Free-Stream Total Pressure 
[Eg. (142) , Ref. D.2] 


p t 

1 

(y+1) M 2 sin 2 0 

oo s 

i — 1 
- 1 

y+l 

p t 

oo 

(y-l)M 2 sin 2 0 + 2 

1 oo S 


2yM 2 sin 2 0 - (y-1) 

oo s 


(D-8 ) 


Region n: 

The procedure used to calculate the pressure coefficients 
in regions 2, 3,...N on the lower surface is identical so that 
the following equations are written for region n where 
n=2 , 3 , . . .N . 
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The calculation is repeated sequentially for all these regions 
as described next. 

The flow, in going from region n-1 to region n, expands 
through angle (6 , - 0 ) . Therefore, the Prandtl-Meyer 

angle is 


v £ = v £ * (e n-l - e n> (D - 9 

n n-1 

With this angle known, the Mach number in region n can be 
calculated using equations given in Reference D.3 and repeated 
below. 




_ 1 + 1.3604V + 0.0962v 2 - 0.5127v 3 


n 


1 - 0.6722V - 0.3278V 


-2 


(D-10) 


where 


v = 


'l 


n 


max 


2/3 


max 


Vm. - 1 

l V Y-l 1 


(D-ll) 


The ratio of static pressure to total pressure in region n is 
then [Eq. (44), Ref. D . 2 ] : 


p £ 


n 


1 + *ir M £ 


Y_ 

' Y-l 


n 


(D-12) 


n 
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and the pressure coefficient is 



(D-13) 


= Ph 


'l. 


This expression uses the fact that p^_ 

t n +- 1 

pressure is constant behind the oblique shock, 
p /p is given by Equation (D-8) and 


oo 


1 + »l 


Y 

Y-l 


i.e., the total 
The ratio 


(D-14 ) 



(D-15) 


from Equations (44) and (31a) in Reference D.2, respectively. 

After the calculations given by Equations (D-9) through 
(D-15) have been done sequentially for n=2,3,...N, the two- 
dimensional pressure distribution on the lower surface has 
been determined. 


D.2. 2 Upper Surface 


Region 1 : 


Two separate methods are used in calculating the pressure 

coefficient, Cp , in region 1 shown in Figure D.l on the 

U 1 

upper surface depending on whether the angle of attack, a, 
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is less than or greater than the surface angle, 6^, shown 
also in Figure D.l. The two methods will now be discussed. 

Method for a < 6q 



If a < 0^ the free-stream flow is deflected through an 
angle 6 where 


6 = - (a - 6 X ) (D-16) 

and a shock wave exists on the upper surface. For this case 
the procedure described for region 1 on the lower surface is 
followed. The value of 6 given by Equation (D-16) is used 
along with the free-stream Mach number, M^, in Equation (D-2) 
to find the shock-wave angle, 0 . Analogous to Equations (D-5) , 
(D-6) , (D-7) , and (D-8) the following expressions hold. 


Pressure Coefficient 


5 u, 4 (M^sin^0 - 1) 

1 °° s 


u. 


(y+Dm' 


(D-17) 
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Mach Number 


M 


u, 


(Y+l) 2 M^sin 2 e s - 4 (M* sin 2 9 s - 1) ( Y M 2 sin 2 9 s + 1) 
[2YM 2 sin 2 6 s - (Y-l) ] [ (Y-l) (M 2 sin 2 0 s + 2] 


1/2 


(D-18) 


Prandtl-Meyer Angle for M n ^ 

V n 1 = ^FT tan -1 l/^l' ( M 2 ^ _ 1} _ tan'VM^ - 1 (D-19) 

Ratio of Total Pressure to Free-Stream Total Pressure 


Y 1 


Pt 

U 1 

2 2 1 
(Y+1)M sin 9 

00 s 

i — 1 

1 

>- 

Y+l 

Pt 

oo 

(Y-l)M 2 sin 2 9 s + 2 


2yM 2 sin 2 9 - (y-l) 

00 s J 


(D-20) 

Method for g > 9^ 
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If a > 0j_ the flow expands through angle (a - 6^ in 
going from the free stream to region 1 on the upper surface 
and the procedure for the expansion flow on the lower surface 
is repeated. Therefore, the Prandtl-Meyer angle in 
region 1 is 


v = v m + (a 
u-^ 00 


6 1> 


where 


(D-21) 


V'S („2 . 1) 


tan 


~ 1 


(D-22) 


and the Mach number is 


M 


1 + 1 . 3604v + 0.0962V ~ 0.5127v 


u. 


1 - 0.6722V - 0.3278V 


-2 


(D-23) 


where 



( \ 
V 

2/3 

/■ ' 

V = 

U 1 

7T 

; V = 

- i 

V 

max 

N ^ 

max 2 

Y-l J 


(D-24 ) 


The ratio of static pressure to total pressure in 
region 1 is 


Y 


u. 


u. 


y -1 2 

1 + -\ 


Y-l 


(D-25 ) 


and the ratio of total pressure in region 1 to free-stream 
total pressure, since in this case (a > 0-^) there is no 
shock wave, is given by 


u. 


= 1.0 


(D-26) 
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The pressure coefficient in region 1 on the upper surface is 
given by 



the quantities p^/p^. and q m /p^ are obtained from 

00 OO 

Equations (D— 14) and (D— 15) . 


(D-27) 


Region n: 

The procedure for calculating the pressure coefficients 
in regions 2,3,...N on the upper surface is the same as that 
described previously for the expanding flow regions on 
the lower surface. The following equations are written for 
region n where n=2,3,...N. 

The flow in going from region n-1 to region n expands 
through the angle (9 n _ 1 - © n ) . The Prandtl-Meyer angle in 
region n is 


v = v +(6.-0) 

u u„ v n-1 n' 

n n-1 


(D-28 ) 


If n=2 , either Equation (D-19) or (D-21) is used to determine 

v depending on whether a is less than or greater than 0-, . 

n-1 1 

With v known, the Mach number in region n is 
n 


M 


_ 1 + 1.3604V + 0.0962V 2 - 0.5127v 3 


u 


n 


1 - 0.6722V - 0.3278V 


-2 


(D-29) 
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where 


v 


V 


u 


n 


v 


max 


2/3 


v 


max 


2L 

2 




+1 


Y-l 


- 1 


(D-30) 


The ratio of static pressure to total pressure in region n 
is 


u 


t 


n 


u 


i + y—~ m 2 

x 2 u 


Y 

Y-l 


n 


n 


and the pressure coefficient is 



(D-31) 


(D-3 2 ) 


Since the total pressure is constant behind the oblique 

shock (if there is a shock) , p^. = ^t * T ^ e rat -*-° 

u u, 

n 1 

p^_ /p^_ is given by Equation (D-20) if a <_ 0-^, or by 

u^ 00 

Equation (D-26) if a > 0, . Quantities p^/Pj. and q^/Pt are 

X 00 OO 

specified by Equations (D-14) and (D-15) , respectively. 

After the calculations given by Equations (D— 28) through (D-32) 


have been repeated sequentially for n=2,3,...N, the two- 
dimensional pressure distribution on the upper surface of the 
airfoil has been determined. 


All of the above is programmed in subroutines SHKAGL and 
SHKEXP of program LRCDM2 . 
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Figure D.I.- Symmetric airfoil section made up of straight line segments. 
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